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(54) Switching power source 



(57) In a switching power source of the RCC system 
in which excited energy, accumulated in a transformer 
during an on-period of a main switching element, is out- 
putted to the secondary side during an off-period, and 
a ringing pulse, which appears in a control coil of the 
transformer upon completion of the output, is fed back 
to the gate of the main switching element through a ca- 
pacitor used for cutting a dc so that the main switching 
element is on-driven, a bias resistor is interpolated be- 
tween the capacitor and the gate, and during the stand- 



by state, a control transistor is turned on, with the con- 
necting point between them being connected to a main 
power-source line in a low level through a series circuit 
consisting of a diode, Zener diode and a resistor. Thus, 
a higher charge is allowed to accumulate in the capac- 
itor, and the ringing pulse is reversely biased by the 
charge so as not to cause the re-starting. It becomes 
possible to reduce the switching frequency during the 
stand-by state in light load, and consequently to improve 
the power-conversion efficiency by using a simple con- 
struction. 
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(57) In a switching power source of the RCC system 
in which excited energy, accumulated in a transformer 
during an on-period of a main switching element, is out- 
putted to the secondary side during an off-period, and 
a ringing pulse, which appears in a control coil of the 
transformer upon completion of the output, is fed back 
to the gate of the main switching element through a ca- 
pacitor used for cutting a dc so that the main switching 
element is on-driven, a bias resistor is interpolated be- 
tween the capacitor and the gate, and during the stand- 



by state, a control transistor is turned on, with the con- 
necting point between them being connected to a main 
power-source line in a low level through a series circuit 
consisting of a diode, Zener diode and a resistor. Thus, 
a higher charge is allowed to accumulate in the capac- 
itor, and the ringing pulse is reversely biased by the 
charge so as not to cause the re-starting. It becomes 
possible to reduce the switching frequency during the 
stand-by state in light load, and consequently to improve 
the power-conversion efficiency by using a simple con- 
struction. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a switching power source which is desirably applied as so-called AC-DC 
converters and DC-DC converters and other devices. 

BACKGROUND OF THE INVENTION 

[0002] A switching power source, which is used in portable small-size electronic apparatuses and which switches a 
dc obtained by rectifying and smoothing a commercial ac or a dc from a battery by using a high frequency of, for 
example, approximately several hundreds kHz so as to convert it to a desired voltage efficiently by using a small-size 
transformer, has been widely used. 

[0003] As a typical construction of such a switching power source, a switching power source of a pulse-width mod- 
ulation (PWM) system has been widely used, in which the secondary-side output voltage is detected by a voltage 
detection circuit, and a control circuit controls the switching pulse width of the main switching element in accordance 
with the results of detection so as to obtain a desired secondary-side output voltage. 

[0004] Moreover, as another typical construction of the switching power source, a switching power source of a ringing 
choke converter (RCC) system has been widely used, in which excited energy which has been accumulated in a 
transformer during the on-period of the main switching element, is outputted to a secondary-side circuit during the off- 
period, and upon completion of the output, a ringing pulse generated in the control coil of the transformer is fed back 
to the control terminal of the main switching element through a dc<;ut capacitor so that the main switching element is 
again activated. 

[0005] In the above-mentioned switching power source of the RCC system, as the load becomes higher, the above- 
mentioned off-period and on-period are automatically lengthened, that is, the switching frequency is reduced, so that 
the secondary-side output voltage is maintained at a predetermined constant voltage; therefore, a complex control 
circuit, such as required for the switching power source of the PWM system, is not necessary, and a power-source 
circuit for generating a voltage forming the basis for the pulse width also is not necessary, both contributing to achieve 
a low-cost power source. 

[0006] Fig. 27 shows an electric circuit diagram of a typical prior-art switching power source 1 of the RCC system. 
A dc, obtained by rectifying a commercial ac by a main power-source circuit not shown, is inputted between input 
terminals p1 and p2. This dc is smoothed by smoothing capacitor c11, and a main power-source voltage is outputted 
between a main power-source line 2 on the high-level side and a main power-source line 3 on the low-level side from 
smoothing capacitor c1 1 . 

[0007] A series circuit consisting of the primary coil n11 of a transformer n and a main switching element q is con- 
nected between the above-mentioned power-source lines 2 and 3. The above-mentioned main switching element q is 
realized by, for example, a bipolar transistor and a field-effect transistor, and Fig. 27 shows a case in which a field- 
effect transistor is used. A starter circuit 4, which consists of voltage-dividing resistors r3 and r5, is connected between 
the main power-source lines 2 and 3. 

[0008] Upon application of power that is, when a power-source voltage is applied between input terminals pi and 
p2, the output voltage of smoothing capacitor c11 , that is, the main power-source voltage, increases, and when the 
voltage-divided value due to voltage-dividing resistors r3 and r5 becomes not less than the threshold voltage of the 
main switching element q, for example, not less than 3 V, the main switching element q is turned off; thus, a voltage 
in the upward direction in Fig. 27 is applied to the primary coil n11 so that excited energy is accumulated therein. When 
the main switching element q is turned off in a manner as described later, a voltage in the upward direction is induced 
in the secondary coil n21 by the above-mentioned excited energy. Moreover, vibration, generated by leakage induct- 
ance between the primary coil n11 and the other coils n21 and n1 2 at the time of turning off, is absorbed and eliminated 
by a snubber circuit 5 that consists of a series circuit of resistor r11 and capacitor c12 and that is parallel^onnected 
between the drain and source of the main switching element q. 

[0009] The dc, induced in the above-mentioned secondary coil n21 5 is given to smoothing capacitor c13 through 
diode d12, and after having been smoothed by smoothing capacitor c13 , it is outputted to a load circuit, not shown, 
from output terminals p3 and p4 through the output power-source lines 6 and 7. A voltage detection circuit 8 is inter- 
polated between the above-mentioned output power-source lines 6 and 7. The voltage detection circuit 8 is constituted 
by voltage-dividing resistors, photo-coupler pd , etc., and light-emitting diode d1 3 of the photo-coupler pel is driven so 
as to light up with a luminance corresponding to the output voltage, and the value of the output voltage is fed back to 
the primary side. 

[0010] Upon turning the main switching element q on, a voltage is induced in the control coil n12 in the same upward 
direction as that in the primary coil n11, and its induced current is given to the gate of the main switching element q 
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through capacitor c1 for cutting dc and bias resistor r2; thus, the gate potential of the main switching element q is 
further raised so that the main switching element q is maintained in the ON state. 

[0011] Moreover, the current induced in the control coil n12 upon turning the main switching element q on is given 
to one of the terminals of capacitor c1 4 from capacitor d and bias resistor r2 through photo-transistor trl 1 of the above- 
mentioned photo-coupler pel. The other terminal of capacitor c14 is connected to the aforementioned main power- 
source line 3 in the low level; therefore, the higher the secondary-side output voltage becomes, the greater the charging 
current, thereby allowing the terminal voltage of capacitor c14 to increase rapidly. The charging voltage of capacitor 
c14 is supplied to the base of control transistor tr12 that is interpolated between the gate and source of the main 
switching element q, and when the output voltage goes beyond the threshold voltage of control transistor tr12, for 
example, not less than 0.6 V, control transistor trl 2 is allowed to conduct, making the gate voltage of the main switching 
element q drop abruptly, with the result that the main switching element q is off-driven. 

[001 2] Therefore, the higher the secondary-side output voltage becomes, that is, the lighter the load, the quicker the 
charging voltage of capacitor c1 4 increases, with the result that the main switching element q is off -driven more quickly. 
Moreover, the current induced in the control coil n1 2 is supplied to capacitor c1 4 through resistor r12. The series circuit 
of these resistor r12 and capacitor c14 is connected in parallel with control coin n12 so as to form an overcurrent 
protection circuit. With this overcurrent protection circuit, even if the output voltage of smoothing capacitor c13 on the 
secondary side is low due to shortcircuiting between output terminals p3 and p4, etc. , the on-time of the main switching 
element q is limited to a predetermined period, thereby making it possible to protect the main switching element q. 
[0013] Here, supposing that the numbers of coil of the control coil n12 and the secondary coil n21 are represented 
by the same numbers as the reference numerals and the output voltage on the secondary side is vo, the voltage 
(n12/n21) vo is induced in the control coil n12 in the downward direction of Fig. 27 upon turning the main switching 
element q off; thus, since the induced current is allowed to flow resistor r1 2, the charge of capacitor d 4 is drawn, and 
a resetting operation for the next on-operation of the main switching element q is carried out. 

[0014] When, after turning the main switching element q off, the excited energy, accumulated in the primary main 
coil n11 , has been outputted to the secondary side, ringing occurs between a parasitic capacity d 5 mainly possessed 
by the control coil n12 and the control coil n12, the electrostatic energy, accumulated in the parasitic capacity c15 with 
the voltage (n12/n21) vo, is discharged, this is converted to excited energy of the control coil n1 2 after a 1/4 period of 
vibration, and then an electro motive voltage with the voltage (n12/n21) vo in the upward direction is generated in the 
control coil n12 so as to again charge the parasitic capacity c15. The electro motive voltage, which is a ringing pulse, 
is set to be not less than the threshold voltage Vth of the main switching element q; thus, the main switching element 
q is again turned on by the electro motive voltage. In this manner, the main switching element q is continuously on/off- 
driven based upon the switching frequency corresponding to the load automatically, thereby making it possible to 
provide a desired secondary -side output voltage. 

[0015] In the switching power source, most of losses are caused by power required to draw electric charge accumu- 
lated in the parasitic capacity between the drain and source of the main switching element and core losses in the 
transformer, and these losses generally increase as the switching frequency becomes higher Therefore, as described 
above, in the switching power source 1, since the switching frequency becomes higher as the load becomes lighter, 
the ratio of losses with respect to converted power increases as the load becomes lighter, resulting in a problem of 
reduction in power conversion efficiency. 

[0016] As other conventional techniques for solving the above-mentioned problem, for example, Japanese Laid- 
Open Patent Publication No. 47023/1 997 (Tokukaihei 9-47023) and Japanese Examined Utility Model Publication No. 
3039391 are listed. The conventional technique described in Japanese Laid-Open Patent Publication No. 47023/1997 
has a construction in which: another control transistor is installed in parallel with the control transistor for turning off 
the main switching element; in the case of light load, an induced voltage, generated in the control coil upon turning off 
the main switching element, is instantaneously taken in a capacitor through the transistor that is turned off in response 
to the main switching element; and the other control transistor is turned on by the capacitor so that the off state of the 
main switching element is maintained so as to reduce the switching frequency. 

[0017] Therefore, a complex construction is required for reducing power consumption, resulting in high costs as well 
as failing to utilize advantages of the RCC system; consequently, the charging process for capacitors becomes de- 
pendent on the storage time of the transistors, resulting in great dispersions between the devices and difficulties in 
designing. 

[0018] Moreover, the conventional technique described in Japanese Examined Utility Model Publication No. 3039391 
has an arrangement in which a delay capacitor for rounding a ringing pulse is interpolated in parallel with the control 
transistor at the time of light load. 

[001 9] Therefore, as described on column 0025, lines 7-8 in the above-mentioned official gazette, the switching cycle 
is extended only for the period in which ringing is occurring, with the result that it is not possible to greatly reduce the 
switching frequency at the time of light load, as compared with the switching frequency at the time of heavy load. 
[0020] Moreover, even if the switching frequency at the time of light load is reduced to a great degree as compared 
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with the switching frequency at the time of heavy load (at the time of normal operation) by using the conventional 
technique described in the above-mentioned Laid-Open Patent Publication No. 47023/1 997 (Tokukaihei 9-47023), etc., 
since the rating of each constituent part of the switching power source has been selected based upon high-load oper- 
ation, the following disadvantage might be raised. 

[0021] Fig. 28 is a block diagram which schematically shows a conventional switching power source la which is 
disclosed in the above-mentioned Laid-Open Patent Publication No. 47023/1997 (Tokukaihei 9-47023) and which can 
reduce the switching frequency at the time of light load to a great degree as compared with the switching frequency 
at the time of heavy load. Here, since the above-mentioned disadvantage is raised regardless of constructions that 
reduce the switching frequency, Fig. 28 typically shows a control circuit 9 as a construction which reduces the switching 
frequency under conditions, such as a voltage reduction and light load. The control circuit 9 is connected between the 
main power-source lines 2 and 3 through starting resistor r3. 

[0022] Moreover, the switching power source la is provided with the following construction so as to reduce the switch- 
ing frequency in a stand-by state, that is, at the time of light load, of an apparatus in which the switching power source 
la is installed. A control signal is given to control terminal p5 from the above-mentioned apparatus side, a series circuit 
consisting of light-emitting diode d1 4 of photo-coupler pc2 and resistor r1 3 is connected between the above-mentioned 
control terminal p5 and an output power-source line 7 on the low-level side. Therefore, when the control signal goes 
high at the time of heavy load, that is, in a non-stand-by state, light-emitting diode d14 lights on, thereby informing the 
primary side of the heavy load state. 

[0023] On the primary side, photo-transistor tr1 3 of the aforementioned photo-coupler pc2 is installed in the control 
circuits, and at the time of the heavy load, photo-transistor tr1 3 is turned on so that the oscillation frequency restricting 
operation of the control circuit 9 is suspended, the ringing pulse is supplied to the main switching element q, with the 
result that the aforementioned normal RCC operation is carried out. In contrast, at the time of the light load, the control 
signal to control terminal p5 goes low, light-emitting diode d14 goes out, and control transistor tr12 is turned on; thus, 
an oscillation frequency restriction operation is carried out, control transistor tr12 is kept on so that the ringing' pulse 
is bypassed, and after a lapse of a predetermined time, control transistor tr12 is turned off so that the main switching 
element q is turned on by a divided voltage value inside the control circuit 9 derived from the aforementioned startinq 
resistor r3. 

[0024] In this manner, the oscillation frequency at the time of light load is reduced, and power consumption, required 
for drawing an electric charge that has accumulated in a parasitic capacity between the drain and source of the main 
switching element q, and core losses in the transformer n can be reduced; thus, it is possible to improve the efficiency 
of power conversion. 

[0025] Additionally, in the construction of Japanese Laid-Open Patent Application No. 47023/1997 (Tokukaihei 
9-47023), the portion of the above-mentioned resistor r12 is constituted by a series circuit of a resistor and a Zener 
diode, and a resistor that is placed in parallel with the series circuit; thus, the higher the main power^ource voltage 
that is, the output voltage of smoothing capacitor c11 , the greater the current flowing into the Zener diode, thereby 
compensating for changes in the output voltage. Therefore, in the present specification, for simplifying explanation, 
the main power-source voltage is made constant, and such a construction is replaced by resistor r12. 
[0026] In the switching power source la having the above-mentioned construction, the on-period of the main switching 
element q is determined by the time during which the accumulated charge having a polarity reversed to that of Fig. 28 
has been discharged and is again charged to 0.6 V having the polarity shown in Fig. 28. 

[0027] However, at the time of heavy load, the above-mentioned charging time is a relatively long period of time 
during which, after the main switching element has been turned on, the accumulated charge having the reversed 
polarity is drawn and charging is made to provide the positive polarity. 

[0028] In contrast, at the time of light load, the time during which, after control transistor tr12, which has bypassed 
the ringing pulse, has been turned off, the divided voltage value inside the control circuit 9 derived from starting resistor 
r3 increases so that the main switching element q is again on<iriven is very long, that is, an operation suspension time 
for decreasing the oscillation frequency is provided; therefore, the accumulated charge having the reversed polarity 
inside the above-mentioned capacitor c14 is consumed by resistor r12 and a control coil n12 during the operation 
suspension time so that the above-mentioned charging time becomes shorter as compared with that at the time of 
heavy load. 

[0029] Therefore, at the time of light load, the current limitation value of the overcurrent protection circuit becomes 
smaller as compared with that at the time of heavy load, with the result that energy to be accumulated inside the 
transformer n becomes smaller; this fails to lower the switching frequency sufficiently so as to supply an amount of 
power required to the secondary side. 

[0030] In this respect, it is possible to reduce the switching frequency as has been initially aimed by using parts 
having high current ratings as the respective constituent parts so as to raise the current limitation values in the two 
light-load and high-load operation modes as a whole; however, this is not preferable from the view point of costs. 
[0031] Additionally, in Fig. 28, the explanation has been given by exemplifying a case in which, with respect to the 
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load, the load of the switching power source la Itself gives a control signal for indicating whether or not it is in a light 
load state to the switching power source la; however, the switching power source may be designed to judge whether 
the load is light or heavy. 

[0032] Fig. 29 is an electric circuit diagram showing a switching power source 1 b of this case. In this switching power 
s source 1b, detection resistor rs, diode d21 , capacitor c21 , comparator a21 and reference voltage source e21 are in- 
stalled on the secondary side, and the output of comparator a21 is given to a control circuit 9b from light-emitting diode 
d1 4 of photo-coupler pc2 through photo-transistor tr1 3. This detection resistor rs carries out a current-voltage conver- 
sion on a load current flowing through the output power-source line 7, and gives its terminal voltage to comparator a21 
through diode d21 and capacitor c21 . Here, comparator a21 monitors the load current by comparing the terminal voltage 
fo with the reference voltage vref derived from reference voltage source e21 . 

[0033] When the load current becomes greater, the terminal voltage of detection resistor rs becomes higher than 
the reference voltage vref so that comparator a21 outputs a high-load signal to the control circuit 9b through photo- 
coupler pc2, thereby allowing the control circuit 9b to carry out the normal RCC operation. In contrast, when the load 
current becomes smaller, the terminal voltage of detection resistor rs becomes lower than the reference voltage vref 
is so that comparator a21 outputs a light-load signal to the control circuit 9b, thereby allowing the control circuit 9b to 
reduce the switching frequency. In this manner, even at the time of an excessive light load beyond the load variations 
in the normal operation, such as a stand-by state, the switching frequency is reduced so that it is possible to improve 
the power conversion efficiency. 

[0034] In another conventional switching power source 1c, a circuit used for detecting the load condition is installed 
20 on the primary side as illustrated in Fig. 30. Specifically, the detection-use source current of the main switching element 
q is current-voltage converted by detection resistor rs that is series connected with the main switching element q, and 
the terminal voltage is given to comparator a21 through diode d21 and capacitor c21 , and compared with the reference 
voltage vref from reference voltage source e21 so as to be monitored. Thus, when the source current of the main 
switching element becomes smaller due to a light-load state, comparator a21 is allowed to output a light-load signal 
25 to the control circuit 9c. 

[0035] The switching power sources 1b and 1c having the above-mentioned construction have a problem in which 
a comparatively large current flows through detection-use resistor rs with the result that there is a great power loss. 
Moreover, it is necessary to completely insulate the primary-side circuit and the secondary-side circuit in order to satisfy 
requirements on the safety standard; therefore, in the switching power source 1b, the construction for detecting the 
30 load condition, such as the aforementioned detection-use resistor rs : is installed on the secondary side, and photo- 
coupler pc2 is used to transmit the result of detection to the control circuit 4; this results in a problem of high costs. 

SUMMARY OF THE INVENTION 



[0036] The first objective of the present invention is to provide a switching power source which can enhance the 
power conversion efficiency by using a simple construction. The second objective of the present invention is to provide 
a switching power source which can sufficiently reduce the switching frequency at the time of light load by using an 
inexpensive construction without the need for parts having unnecessarily high rated values. Moreover, the third objec- 
tive of the present invention is to provide a switching power source which is designed to vary the switching frequency 
depending on the level of load and which is further improved so that the level of the load can be judged easily with 
only a small loss. 

[0037] In order to achieve the above-mentioned objective, the switching power source of the present invention, which 
is a switching power source of the ringing choke converter system, is provided with: a transformer for accumulating 
excited energy during an on-period of a main switching element; an output circuit for outputting the excited energy thus 
accumulated during an off -period of the main switching element, the output circuit being placed on the secondary side 
of the transformer; a first capacitor which is placed between a control coil of the transformer and the control terminal 
of the main switching element, and which feeds back a ringing pulse that occurs in the control coil upon completion of 
the output of the excited energy to the control terminal after cutting its dc component so that the main switching element 
is on-driven; a series circuit which is constituted by a reverse-bias voltage setting resistor and a control switching 
element for reducing the switching frequency and which is connected to the output side of the first capacitor; and a 
bias resistor that is interpolated between the first capacitor and the main switching element, wherein: the control switch- 
ing element for reducing the switching frequency is on-driven at the time of light load; during the on-period of the main 
switching element at the time of light load, a charge is accumulated in the first capacitor by a voltage induced in the 
control coil; and at the time of occurrence of the ringing pulse, a reverse bias is generated by the accumulated charge 
in the first capacitor so as to prevent the main switching element from being on-driven. 

[0038] With the above-mentioned construction, the switching power source, which is a switching power source of 
the ringing choke converter system, is operated as follows: at the time of heavy load, the ringing pulse is supplied to 
the control terminal of the main switching element through the first capacitor and the bias resistor so that the normal 



5 



EP 0 938 184 A2 



switching operation for on-driving the main switching element is carried out; in contrast, at the time of light load a 
charge is accumulated in the first capacitor by a voltage induced in the control coil during the on-period of the main 
switching element, and when a ringing pulse is generated after the main switching element has been turned off and 
the excited energy has been discharged, the ringing pulse is reversely biased by a value corresponding to the charging 
voltage of the first capacitor, thereby making it possible to block the on-driving of the main switching element 
[0039] Therefore, at the time of light load, the re-starting of the main switching element using the ringing pulse which 
is carried out at the time of heavy load, is stopped, and once the main switching element carries out a switching 
operation at the time of light load, the next switching operation is carried out smoothly in the same manner as that 
carried out upon application of power, thereby making it possible to reduce the switching frequency at the time of light 
load. Thus, it becomes possible to reduce losses that increase in proportion to the switching frequency such as power 
required to draw a charge accumulated in the floating capacity between the drain and source in the main switching 
element, and consequently to obtain a higher power-conversion efficiency even at the time of light load 
[0040] Here, such a reduction in the switching frequency at the time of light load can be achieved by using a simple 
inexpensive construction which is constituted by a bias resistor for providing a high impedance for charging between 
the first capacitor and the main switching element and a series circuit that consists of a reverse bias voltage setting 
resistor and a control switching element for reducing the switching element and that connects the connecting point 
between the first capacitor and the bias resistor to the main power-source line. 

[0041] Additionally, various constructions are proposed as the switching power source of the ringing choke converter 
system; for example, in the case of the sub power-source circuit constituted by a rectifying diode for drawing an output 
from one of the terminals of the control coil of the transformer, a choke coil to which the output of the rectifying diode 
is supplied, a smoothing capacitor for smoothing a current passing through the choke coil and a fly-wheel diode for 
connecting the connecting point between the rectifying diode and the choke coil to the other terminal of the control 
coil, it is possible to control the control switching element for reducing the switching frequency by using the charging 
voltage of the smoothing capacitor of the sub power-source circuit. 

[0042] In this case, since the smoothing capacitor of the sub power-source circuit is charged by an impedance ele- 
ment such as the choke coil and since its charging voltage corresponds to the value of the secondary-side output 
current, the level of the load can be judged from the charging voltage so as to control the control switching element 
for reducing the switching frequency. 

[0043] Therefore, it is possible to eliminate the need for installing a specific construction for detecting the operation 
mode of installed equipment, and also to control the control switching element for reducing the switching frequency 
automatically by making a judgement as to the level of the load only by the use of the primary side, thereby allowing 
cost reduction. s 

[0044] Moreover, in order to solve the first objective, the switching power source of the present invention is provided 
with a voltage detection circuit for detecting a secondary-side output voltage of a transformer, a main switching element 
for switching the primary current of the transformer in response to the result of detection so as to obtain a secondary 
current having a desired constant voltage, a timing-control switching element that is placed between the secondary- 
s.de output lines in series with the voltage detection circuit, and a bias circuit for supplying the output of a secondary 
sub coil of the transformer to a control terminal of the timing-control switching element. 

[0045] In the above-mentioned construction, the timing-control switching element is interpolated between the sec- 
ondary-side output lines in series with the voltage detection circuit, and when an output voltage is induced on the 
secondary side, a b.as voltage is supplied to the control terminal of the switching element from the secondary sub coil 
of the transformer through the bias circuit so that the voltage detection circuit is connected between the secondary- 
side output lines. 1 

[0046] Therefore, ihe voltage detection circuit is made operative only for a minimum period required for the detection 
of the secondary-side output voltage; therefore, it is possible to reduce power consumption in the voltage detection 
circuit provided with light-emitting diodes of the photo-coupler and voltage-dividing resistors, and consequently to im- 
prove the power-conversion efficiency. 

[0047] In order to achieve the second objective, the switching power source of the present invention which is a 
switching power source of the ringing choke converter system, is provided with: a transformer for accumulating excited 
energy during an on-period of a main switching element; an output circuit for outputting the excited energy thus accu- 
mulated during an off-period of the main switching element, the output circuit being placed on the secondary side of 
the transformer; a first capacitor which is placed between a control coil of the transformer and the control terminal of 
the mam switching element, and which feeds back a ringing pulse that occurs in the control coil upon completion of 
the output of the excited energy to the control terminal after cutting its dc component so that the main switching element 
» again on-driven; a second capacitor that is charged by a current obtained from a voltage induced in the control coil 
of the transformer through a constant resistor and a feed-back current from the secondary side; an off-driving control 
switching element for off-driving the control terminal of the main switching element when the charging voltage of the 
second capacitor has become a predetermined voltage; a switching frequency switching means for reducing the switch- 
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ing frequency of the main switching element at the time of light load as compared with the time of heavy load; and a 
charge-compensating means for compensating for a reduction in the accumulated charge of the second capacitor due 
to the reduction in the switching frequency at the time of light load with respect to an overcurrent protection circuit, the 
overcurrent protection circuit being constituted by a series circuit of the constant resistor and the second capacitor that 

5 is connected in parallel with the control coil. 

[0048] In the switching power source of the ringing choke converter system in which: the second capacitor is charged 
by a current obtained through the constant resistor from a voltage induced in the control coil of the transformer upon 
turning on the main switching element and a feed-back current from the secondary side, and when the charging voltage 
has become a predetermined voltage, the control terminal of the main switching element is off-driven through the off- 

10 driving control switching element, and the resulting ringing pulse is used to again on-drive the main switching element, 
the above-mentioned construction is designed so that, in an attempt to reduce the switching frequency of the main 
switching element at the time of light load as compared with the time of heavy load, although the charge with the 
reverse polarity, which has been accumulated in the second capacitor by the reverse electro motive voltage generated 
in the control coil during the off-time of the main switching element, is discharged and reduced during the operation 

15 suspension period at the time of light load, the charge-compensating means compensates for the reduction with respect 
to the overcurrent protection circuit that is constituted by a series circuit of the constant resistor and the second capacitor 
and that is connected in parallel with the control coil. 

[0049] Therefore, the time period required for the second capacitor being charged by the voltage with the positive 
polarity induced in the control coil upon turning the main switching element on to have the predetermined voltage with 

20 the positive polarity that is large enough to on-drive the off-driving control switching element is set virtually the same 
even at the time of light load as that at the time of heavy load; thus, it is possible to make the overcurrent limitation 
values of the main switching element at the time of light load and at the time of heavy load virtually equal to each other, 
and also to make the switching frequency at the time of light load sufficiently low without the need for parts having 
unnecessarily high rated values v 

25 [0050] Here, not limited to the switching power source of the ringing choke system, the construction for making a 
judgement as to the level of load based upon the charging voltage of the smoothing capacitor in the above-mentioned 
sub power-source circuit using the choke coil may be widely applied to any switching power source, as long as it is a 
switching power source that varies the switching frequency depending on the level of load. More specifically, in order 
to achieve the third objective, the switching power source of the present invention, which varies the switching frequency 

30 depending on the level of load, is characterized by comprising: a detection coil installed in a transformer, a smoothing 
capacitor, a rectifying means for rectifying the induced voltage in the detection coil so as to supply the resulting current 
to the smoothing capacitor, an impedance element that is interpolated between the rectifying means and the smoothing 
capacitor, and a decision means for making a judgement as to the level of the load based upon the output voltage of 
the smoothing capacitor. 

35 [0051] With the above-mentioned construction, in the switching power source which is designed to vary the switching 
frequency depending on the level of load so as to reduce losses that increase in proportion to the switching frequency 
and so as to obtain a higher power-conversion efficiency even at the time of light load, when an impedance element 
is inserted in a circuit for rectifying the induced voltage in the detection coil in the transformer and for charging the 
smoothing capacitor, it is possible to utilize the fact that the output voltage of the smoothing capacitor is allowed to 

40 correspond to the output current value on the secondary side, in an attempt to make a judgement as to the level of the 
load. 

[0052] Therefore, the construction for making a judgement as to the level of load can be provided by installing a 
simple construction only on the primary side with a small loss. 

[0053] For a fuller understanding of the nature and advantages of the invention, reference should be made to the 
45 ensuing detailed description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] Fig. 1 is a circuit diagram of a switching power source of an RCC system in accordance with the first embod- 

so iment of the present invention. 

[0055] Figs. 2(a) through 2(c) are waveform diagrams that explain the operation in a stand-by state of the switching 
power source shown in Fig. 1; Fig. 2(a) shows the drain-source voltage of a main switching element; Fig. 2(b) shows 
the electric potential of the connecting point between a bias resistor and a capacitor interpolated between the main 
switching element and a control coil; and Fig. 2(c) shows the gate-source voltage of the main switching element. 

55 [0056] Figs. 3(a) through 3(c) are waveform diagrams that explain the operation in a non-stand-by state of the switch- 
ing power source shown in Fig. 1; Fig. 3(a) shows the drain-source voltage of the main switching element; Fig. 3(b) 
shows the electric potential of the connecting point between the bias resistor and the capacitor interpolated between 
the main switching element and the control coil; and Fig. 3(c) shows the gate-source voltage of the main switching 



7 



■ 




10 



EP0 938 184 A2 

element. 

[0057] Fig. 4 is an electric circuit diagram of a switching power source of the RCC system in accordance with the 
second embodiment of the present invention. 

[0058] Fig. 5 is an electric circuit diagram of a switching power source of the RCC system in accordance with the 
third embodiment of the present invention. 

[0059] Figs. 6(a) through 6(c) are drawings that compare the switching operation of the main switching element upon 
variation of load in the stand-by state between the switching power sources shown in Figs. 1 and 4 and the switching 
power source shown in Fig. 5; Fig. 6(a) shows a switching operation in each switching power source in a state with a 
relatively light load; Fig. 6(b) shows a switching operation in each switching power source shown in Fig. 1 and Fig 4 
in a state with a relatively heavy load; and Fig. 6(c) shows a switching operation in the switching power source shown 
in Fig. 5 in a state with a relatively heavy load. 

[0060] Fig. 7 is an equivalent circuit diagram which explains the operation of a sub power-source circuit in the switch- 
ing power source shown in Fig. 5. 

[0061] Fig. 8 is a waveform diagram that explains the operation of the switching power source of Fig. 5. 
[0062] Fig. 9 is an electric circuit diagram of a switching power source of the RCC system in accordance with the 
fourth embodiment of the present invention. 

[0063] Fig. 1 0 is a block diagram that shows an electric construction of a switching power source of the RCC system 
in accordance with the fifth embodiment of the present invention. 

[0064] Fig. 11 is an electric circuit diagram of a switching power source in accordance with the sixth embodiment of 
20 the present invention. 

[0065] Fig. 1 2 is a block diagram that shows an electric construction of a switching power source in accordance with 
the seventh embodiment of the present invention. 

[0066] Fig. 13 is an electric circuit diagram of a switching power source in accordance with the eighth embodiment 
of the present invention. 
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[0067] Fig. 1 4 is a block diagram that shows an electric construction of a switching power source in accordance with 
the ninth embodiment of the present invention. 

[0068] Fig. 15 is an electric circuit diagram of a switching power source in accordance with the 10th embodiment of 
the present invention. 

[0069] Fig. 1 6 is a block diagram that shows an electric construction of a switching power source in accordance with 
30 the 11th embodiment of the present invention. 

[0070] Fig. 1 7 is an electric circuit diagram of a switching power source in accordance with the 1 2th embodiment of 
the present invention. 

[0071] Fig. 1 8 is a block diagram that shows an electric construction of a switching power source in accordance with 
the 13th embodiment of the present invention. 

35 [0072] Fig. 1 9 is an electric circuit diagram of a switching power source in accordance with the 14th embodiment of 
the present invention. 

[0073] Fig. 20 is a block diagram that shows an electric construction of a switching power source in accordance with 
the 15th embodiment of the present invention. 

[0074] Fig. 21 is an electric circuit diagram of a switching power source in accordance with the 1 6th embodiment of 
40 the present invention. 

[0075] Fig. 22 is a block diagram that shows an electric construction of a switching power source in accordance with 
the 17th embodiment of the present invention. 

[0076] Fig. 23 is a block diagram that shows an electric construction of a switching power source in accordance with 
the 18th embodiment of the present invention. 

[0077] Fig. 24 is a block diagram that shows an electric construction of a switching power source of the RCC system 
in accordance with the 19th embodiment of the present invention. 

[0078] Fig. 25 is an electric circuit diagram that explains another example of a sub power-source circuit in the switch- 
ing power source shown in Fig. 24. 

[0079] Fig. 26 is a block diagram that shows an electric construction of a switching power source of a PWM system 
50 in accordance with the 20th embodiment of the present invention. 

[0080] Fig. 27 is an electric circuit diagram of a typical prior-art switching power source of the RCC system. 
[0081] Fig. 28 is a block diagram that schematically shows another typical prior-art switching power source of the 
RCC system. 

[0082] Fig. 29 is a block diagram that shows an electric construction of still another typical prior-art switchinq power 
55 source of the RCC system. 

[0083] Fig. 30 is a block diagram that shows an electric construction- of the other prior-art switching power source. 
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DESCRIPTION OF THE EMBODIMENTS 

[0084] Referring to Fig. 1 through Fig. 3(c), the following description will discuss the first embodiment of the present 
invention. 

5 [0085] Fig. 1 is an electric circuit diagram of a switching power source 11 of the RCC system of the first embodiment 
of the present invention. A dc, which has been obtained by rectifying a commercial ac by using a main power source 
circuit, not shown, is inputted between input terminals P1 and P2. The dc is smoothed by smoothing capacitor c11 , 
and a main power source voltage is outputted between a main power source line 1 2 on the high-level side and a main 
power source line 13 on the low-level side from smoothing capacitor C11 . 

10 [0086] A series circuit of a primary main coil N11 of a transformer N and a main switching element Q is connected 
between the main power source lines 12 and 13. The main switching element Q is realized by using, for example, a 
bipolar transistor or an electric -fie Id effect type transistor, and in the example of Fig. 1 , the electric-field effect type 
transistor is adopted. Moreover, a starter circuit 14, constituted by capacitor C2, voltage-dividing resistors R3 through 
R5 and diode D4, is connected between the main power source lines 12 and 13. Here, in the starter circuit 14, a series 

is circuit consisting of capacitor C2 and voltage-dividing resistors R3 through R5 is interpolated between the above- 
mentioned main power-source lines 12 and 13. 

[0087] Upon application of power, that is, upon applying a source voltage between input terminals P1 and P2, the 
output voltage of smoothing capacitor C11, that is, the main source voltage, increases, and when the voltage -divided 
value between voltage-dividing resistors R4 and R5 of the starter circuit 14 reaches the threshold voltage Vth of the 

20 main switching element Q, for example, not less than 3 V, the main switching element Q is turned on so that a voltage 
in the upward direction in Fig. 1 is applied to the primary main coil N11 and excited energy is accumulated therein. 
When the main switching element Q is turned off in a manner as will be described later, a voltage having the upward 
direction is induced in the secondary main coil N21 by the excited energy. Further, vibration, generated by leakage 
inductance between the primary main coil N11 and the other coils (in the transformer N in Fig. 1, N12, N13, N21 and 

25 N22, which will be described later) at the time of turning off, is absorbed and eliminated by a snubber circuit 15 that 
consists of a series circuit of resistor R11 and capacitor C12 and that is parallel-connected between the drain and 
source of the main switching element Q. 

[0088] Thedc, induced in the above-mentioned secondary main coil N21, is given to smoothing capacitor C1 3 through 
diode D12, and after having been smoothed by smoothing capacitor C13, it is outputted to a load circuit, not shown, 
30 from output terminals P3 and P4 through the output power-source lines 16 and 17. A voltage detection circuit 18 is 
interpolated between the above-mentioned output power-source lines 16 and 17. The voltage detection circuit 18 is 
constituted by voltage-dividing resistors, photo-coupler PC1, etc., and light-emitting diode D13 of the photo-coupler 
PC1 is driven so as to light up with a luminance corresponding to the output voltage, and the value of the output voltage 
is fed back to the primary side. 

35 [0089] Upon turning the main switching element Q on, a voltage is induced in the control coil N 1 2 in the same upward 
direction as that in the primary main coil N11 , and its induced current is given to the gate of the main switching element 
Q through capacitor C1 for cutting dc and bias resistor R2; thus, the gate potential of the main switching element Q is 
further raised so that the main switching element Q is maintained in the ON state. 

[0090] Moreover, the current induced in the control coil N12 upon turning the main switching element Q on is given 
40 to one of the terminals of capacitor C14 from capacitor C1 and bias resistor R2 through photo-transistor TR11 of the 
above-mentioned photo-coupler PC1 . The other terminal of capacitor C14 is connected to the aforementioned main 
power-source line 13 in the low level; therefore, the higher the secondary-side output voltage becomes beyond a 
predetermined setting voltage, the greater the charging current, thereby allowing the terminal voltage of capacitor C1 4 
to increase rapidly. The charging voltage of capacitor C14 is supplied to the base of control transistor TR12 that is 
45 interpolated between the gate and source of the main switching element Q, and when the output voltage goes beyond 
the threshold voltage of control transistor TR12, for example, not less than 0.6 V, control transistor TR12 is allowed to 
conduct, making the gate voltage of the main switching element Q drop abruptly, with the result that the main switching 
element Q is off-driven. 

[0091] Therefore, the higher the secondary-side output voltage becomes beyond the above-mentioned setting volt- 
50 age, that is, the lighter the load, the quicker the charging voltage of capacitor C14 increases, with the result that the 
main switching element Q is off-driven more quickly. The lower the secondary-side output voltage becomes below the 
above-mentioned setting voltage, that is, the heavier the load, the charging time of capacitor C14 becomes longer, 
with the result that the on-time of the main switching element Q becomes longer. Moreover, the current induced in the 
control coil N12 is supplied to capacitor C14 through resistor R12. With this arrangement, even if the output voltage 
55 of smoothing capacitor C1 3 on the secondary side is low due to shortcircuiting between output terminals P3 and P4, 
etc., the on-time of the main switching element Q is limited to a predetermined period, thereby making it possible to 
protect the main switching element Q. 

[0092] Here, supposing that the numbers of coil of the control coil N12 and the secondary main coil N21 are repre- 
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sented by the same numbers as the reference numerals and the output voltage on the secondary side is Vb, the voltage 
(N12/N21) Vo is induced in the control coil N12 in the downward direction of Fig. 1 upon turning the main switching 
element Q off; thus, the charge of capacitor C14 is drawn, and a resetting operation for the next on-operation of the 
main switching element Q is carried out. 

[0093] When, after turning the main switching element Q off, the excited energy, accumulated in the primary main 
coil N11, has been outputted to the secondary side, ringing occurs between parasitic capacity C15 mainly possessed 
by the control coil N12 and the control coil N12, the electrostatic energy, accumulated in parasitic capacity C15 with 
the voltage (N12/N21) Vo, is discharged, this is converted to excited energy of the control coil N1 2 after a 1/4 period 
of vibration, and then an electro motive voltage with the voltage (N12/N21 ) Vo in the upward direction is generated in 
the control coil N12 so as to again charge the parasitic capacity C15. The electro motive voltage, which is a ringing 
pulse, is set to be not less than the threshold voltage Vth of the main switching element Q; thus, the main switching 
element Q is again turned on by the electro motive voltage. In this manner, the main switching element Q is continuously 
on/off-dnven based upon the switching frequency corresponding to the load automatically, thereby making it possible 
to provide a desired secondary-side output voltage. 

[0094] In the switching power source 11 of the present embodiment, upon heavy load of an apparatus having the 
switching power source 11 , that is, in a non-stand-by state of such an apparatus, the above-mentioned normal RCC 
operation is carried out, and upon low load of the apparatus having the switching power source 11 , that is, in a stand- 
by state thereof, in order to reduce the switching frequency, an arrangement is provided in which: a control signal is 
supplied from the apparatus to control terminal P5, a series circuit consisting of light-emitting diode D14 of photo- 
coupler PC2 and resistor R13 is connected between control terminal P5 and the output power-source line 17 on the 
low-level side, and when the control signal goes high in the non-stand-by state, light-emitting diode D14 lights up 
thereby informing the primary side of the heavy load state through the output. 

[0095] On the primary side, a series circuit consisting of diode D11 for preventing reverse flows, Zener diode D15 
resistor R1 and control transistor TR1 is connected between connecting point P6 between capacitor C1 and bias 
resistor R2 and the main power-source line 13 on the low-level side. The collector of photo-transistor TR13 of the 
above-mentioned photo-coupler PC2 is connected to the base of the above-mentioned control transistor TR1 . Further, 
a source voltage from a sub power-source circuit 19 which will be described later is voltage -divided by resistor R14 
and the above-mentioned photo-transistor TR13, and the divided source voltage is applied to the base of the above- 
mentioned control transistor TR1 . 

[0096] Therefore, in the above-mentioned non-stand-by state, photo-transistor TR1 3 is turned on and control tran- 
sistor TR1 is turned off so that the above-mentioned normal RCC operation is carried out without having any adverse 
effect from the above-mentioned series circuit. 

[0097] In contrast, in the stand-by state of the above-mentioned device, the control signal to control terminal P5 goes 
low so that light-emitting diode D1 4 is turned off, photo-transistor TR1 3 is turned off and control transistor TR1 is turned 
on, thereby connecting the series circuit between the aforementioned connecting point P6 and the main poweMsource 
line 1 3. The aforementioned bias resistor R2 is selected, for example, at 680 Q, and resistor R1 is selected, for example, 
at 150 a. Therefore, upon on-time of the main switching element Q, much current flows through the series circuit while 
the on-state of the main switching element Q is maintained; consequently charge is accumulated in capacitor C1 with 
the control coil N12 side serving as a positive side. 

[0098] Therefore, even if the ringing pulse occurs during the stand-by time, the ringing pulse is reversely biased by 
a value corresponding to the terminal-to-terminal voltage of capacitor C1 , and applied to the main switching element 
Q. Consequently, the ON-actuation of the main switching element Q is intervened, and as will be described later, a re- 
activation is carried out by the starter circuit 14. 

[0099] With this arrangement, as compared with the aforementioned conventional switching power source 1 in which 
the switching frequency, which is maintained, for example, at approximately 80 kHz during the non-stand-by state 
increases to, for example, 400 to 500 kHz, namely approximately several hundreds kHz, during the stand-by state the 
switching power source 1 1 of the present embodiment makes it possible to decrease the value to approximately several 
kHz, and consequently to enhance the power conversion efficiency during the stand-by state to a great degree merely 
by adding a simple construction of resistor R1 and control transistor TR1 . 

[0100] Moreover, in the present embodiment, the sub power-source coil N1 3 is installed in the aforementioned trans- 
former N. In the above-mentioned sub power-source coil N13, in the same manner as the aforementioned secondary 
mam coil N21, a voltage is induced in the upward direction during the off-time of the main switching element Q and 
the voltage is smoothed by the aforementioned sub power-source circuit 19 consisting of diode D16 and smoothing 
capacitor C1 6, and then is outputted for use in driving control transistor TR1 via the aforementioned resistor R1 4 and 
also outputted to connecting point P7 between voltage-dividing resistors R3 and R4 of the aforementioned starter 
circuit 14 through diode D1 used for preventing reverse current. Accordingly, the aforementioned capacitor C2 is in- 
stalled in the starter circuit 14. 

[01 01] Therefore, upon application of power at which the terminal-to-terminal voltage of the aforementioned capacitor 
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C2 is virtually zero, a voltage, which has been voltage-divided by voltage-dividing resistors R3 to R5 of the main source 
voltage and which reaches, for example, as much as several hundred V, is applied to the gate of the main switching 
element Q. 

[0102] After a lapse of a predetermined time from the application of power, capacitor C16 is charged to a predeter- 
mined source voltage, for example, approximately 10 V, and capacitor C2 is charged to a voltage that corresponds to 
the difference between the aforementioned source voltage and the output voltage of the sub source circuit 19. There- 
fore, even if the actuation of the main switching element Q is not carried out due to the ringing pulse during the stand- 
by state and a voltage for the actuation is outputted from the starter circuit 14, the current flow from the main power- 
source side to the voltage-dividing resistors R3 through R5 can be blocked, thereby making it possible to drive the 
main switching element Q by using a comparatively low voltage-divided voltage of the output voltage from the sub 
source circuit 1 9. Thus, it becomes possible to cut power consumption due to voltage-dividing resistors R3 through 
R5, and consequently to achieve the high efficiency. 

[0103] Here, between connecting point P8 of the aforementioned capacitor C2 and voltage-dividing resistor R3 and 
the main source line 1 3 on the low-level side, discharging diode D4 is installed in parallel with voltage-dividing resistors 
R3 through R5 in a reverse-bias direction. Therefore, when the main source voltage drops, the following discharging 
paths for capacitor C2 are formed: a path from smoothing capacitor C11 - the main power-source line 13 - voltage- 
dividing resistors R5 to R3 - capacitor C2 - the main power-source line 12 to smoothing capacitor C11 and a path from 
smoothing capacitor C11 - the main power-source line 13 - diode D4 - capacitor C2 - the main power-source line 12 
to smoothing capacitor C11 . Thus, even if the time from the cutoff of the power source to the re-application thereof is 
short, capacitor C2 is positively allowed to discharge so that the potential of connecting point P8 is increased so as to 
be virtually equal to the main source voltage, thereby making it possible to positively actuate the main switching element 
Q. 

[0104] Moreover, in the present embodiment, the above-mentioned transformer N is provided with a secondary sub 
coil N22. With respect to the secondary sub coil N22, control transistor TR2 is interpolated between the output power- 
source lines 1 6 and 1 7 in series with the aforementioned voltage detection circuit 1 8. In the same manner as the control 
coil N12, a voltage is induced in the secondary sub coil N22 upon on-time of the main switching element Q, and the 
voltage is supplied to the base of the aforementioned control transistor TR2 through the bias circuit of diode D17 and 
resistor R15. The base of control transistor TR2 is also connected to the output power-source line 17 on the low-level 
side through resistor R16. 

[0105] Therefore, during the on-period of the main switching element Q, that is, only during the period requiring 
detection data for controlling, the voltage detection circuit 18 is activated, thereby making it possible to cut power 
consumption in the voltage-dividing resistors and light-emitting diode D1 3 of the photo-coupler PC1 and also to further 
enhance the power conversion efficiency. 

[0106] Figs. 2(a) through 3(c) are waveform diagrams that explain the operation of the switching power source 11 
having the above-mentioned arrangement. Figs. 2(a) through 2(c) show the stand-by state, and Figs. 3(a) through 3 
(c) show the non-stand-by state. Fig. 2(a) and Fig. 3(a) represent the drain-source voltage of the main switching element 
Q, Fig. 2(b) and Fig. 3(b) represent the potential at connecting point P6 between resistor R2 and capacitor C1, and 
Fig. 2(c) and Fig. 3(c) represent the gate-source voltage of the main switching element Q. 

[0107] In Figs. 2(a) through 2(c), when the gate-source voltage of the main switching element Q reaches the above- 
mentioned threshold voltage Vth at time t0, the main switching element Q is turned on. Thus, the drain-source voltage 
of the main switching element Q becomes zero. Moreover, since a current is inputted to the gate of the main switching 
element Q from the control coil N1 2 through capacitor C1 and bias resistor R2, the gate voltage of the main switching 
element Q is allowed to increase based upon the integral of the gate current by the floating capacitance possessed 
by the main switching element Q and bias resistor R2. Furthermore, a current also flows from connecting point P6 
toward the control transistor TR1 side; thus, capacitor C1 is charged with a greater charging current so that the terminal- 
to-terminal voltage becomes greater with the result that the potential at the above-mentioned connecting point P6 
rises abruptly at the above-mentioned time to, and then drops. 

[0108] When the above-mentioned control transistor TR1 2 is turned on at time t1 , the gate voltage of the main switch- 
ing element Q abruptly drops so that the main switching element Q is turned off. At this time, the potential of the above- 
mentioned connecting point P6 is represented by the sum of the induced voltage in the negative direction due to the 
control coil N12 and the charged voltage of the above-mentioned capacitor C1 , thereby reducing to a great degree as 
compared with the heavy load state. Thereafter, while the discharge of excited energy is carried out during period T2, 
the electric charge of capacitor C1 is gradually discharged through voltage-dividing resistor R5 having a high resistivity, 
and the potential of connecting point P6 gradually increases. 

[0109] Upon completion of the discharge of the excited energy at time t2, ringing occurs during period T3 until time 
t3. However, because of the reversed bias by the above-mentioned capacitor C1, even the peak value of the ringing 
pulse does not reach the threshold voltage Vth, thereby bringing the operation to a standstill during period T4 following 
time t3. 
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[0110] After the above-mentioned time t2, a discharge and a charge in the reversed direction are carried out in 
capacitor C1 through the following paths: a path from capacitor C1 - control coil N12 - main power source line 13 - 
voltage-dividing resistor R5 - bias resistor R2 to capacitor C 1 and a path from capacitor C1 - control coil N 1 2 - smoothing 
capacitor C16 - diode D1 - voltage-dividing resistor R4 - bias resistor R2 to capacitor CI. However since voltaqe- 
div.d.ng resistors R4 and R5 have high resistivities, these charging and discharging processes proceed gradually 
thereby allowing the gate voltage of the main switching element Q and the potential of connecting point P6 to increase 
gradually. Thereafter, at time to, when the gate voltage again reaches the threshold voltage Vth, the main switching 
element Q is turned on, with the result that the same operation as described above is carried out 
[0111] In the non-stand-by state as shown in Figs. 3(a) through 3 (c), the main switching element Q has on-period 
dur, "9 *' me K> to «<me t1, discharging period T2 for excited energy during time t1 to time t2, and ringing generation 
period T3 during time t2 to time to. Therefore, the main switching element Q is on<Jriven by the ringing pulse 
[0112] As described above, the charging voltage of capacitor C1 during the on-time of the main switching element 
Q, that is, the reversely biased voltage, can be varied by varying the resistivity of resistor R1. Further, the charging 
and discharging currents through the above-mentioned two paths can be varied by varying the resistivities of voltaqe- 
dividing resistors R4 and R5; thus, the gate voltage of the main switching element Q and the gradient of a potential 
increase at connecting point P6 can be varied, thereby making it possible to vary the switching frequency. 
[0113] For example, in the case of high power required for the stand-by state, the resistivities of voltage-dividing 
resistors R4 and R5 are reduced and the time constant of charging and discharging during the standstill periods T3 
and T4 is reduced; this allows the gate-source voltage of the main switching element Q to quickly reach the threshold 
voltage Vth, thereby making it possible to shorten the switching frequency, and consequently to increase the switching 
frequency. In contrast, in the case of low required power, the switching frequency is reduced by increasing the resis- 
tivities of voltage-dividing resistors R4 and R5. Moreover, in the case when the standstill period is so long that the 
switching frequency overlaps the audio-frequency range, the capacity value of capacitor C14 is reduced or the resis- 
tivity of resistor R12 is reduced; thus, the charging voltage of capacitor CI 4 is raised quickly and the on^eriod of the 
main switching element Q is shortened so that it becomes possible to minimize the excited energy that is accumulated 
in the transformer N for each switching operation, and consequently to make the switching noise to be not more than 
the audible level. 

[01 14] In this case, the resistivities of the aforementioned voltage-dividing resistors R3 through R5 can be determined 
as follows: Assuming that the input voltage to input terminals P1 and P2 is Vin, the charging voltage E 0 of smoothing 
capacitor C16, that is, the output voltage of the sub source circuit 19, is Vs and the resistivities of voltage^ividinq 
resistors R3 through R5 are the same as the respective reference numerals, 

at the time of starting the operation upon application of power, the following inequality holds: 

Vin X [R5/(R3 + R4 + R5)] > Vth (1 ) 

and at the time of steady operation in the stand-by state, the following inequality holds: 



Vs X [R5/(R4 + R5)] > Vth (2 ). 

[0115] In this case, when control transistor TR1 is turned on during the stand-by state, the resistivity of voltage- 
d.v.d.ng resistor R5 becomes the same value as the parallel circuit between the series circuit consisting of bias resistor 
R2 and resistor R1 and the above-mentioned voltage-dividing resistor R5, thereby failing to satisfy these inequalities 
1 and 2. Thus, the aforementioned Zener diode D15 is installed as a compensating Zener diode so as to prevent this 
disadvantage. Therefore, the Zener voltage is set to a value that is not less than the aforementioned threshold value 
Vth and also not more than the induced voltage in the control coil N 1 2 upon turning the main switching element Q on 
However, in the case when the above-mentioned inequalities are satisfied by appropriate designing specifications even 
in the stand-by state, Zener diode may be omitted, that is, short-circuiting is made between diode D11 and resistor R1 
[0116] Moreover, diode D1 1 for preventing reverse flows is installed so as to prevent a current from flowing to con- 
necting po.nt P6 through a path from control transistor TR1 through resistor R1 to Zener diode D1 5 during the off-time 
of the mam switching element Q in the stand-by state, that is, during the period T2 to T4 in Figs 2(a) through 2(c) and 
releasing the negative bias to the main switching element Q. ' 

[0117] Therefore, in the case when it is possible to positively prevent the current flow through the above-mentioned 
path dur.ng the off-period T2 to T4 by applying to the base current supplying circuit, for example, such a device as to 
stop the supply of the base current to control transistor TR1 except for the on-period T1 of the main switching element 

and to draw the base current durin 9 toe remaining off -period T2 through T4, the above-mentioned diode D11 for 
preventing reverse flows may be omitted. 
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[0118] Additionally, the above-mentioned arrangement, in which control transistor TR2 is interpolated between the 
output power-source lines 16 and 17 in series with the voltage detection circuit 18 and the voltage induced in the 
secondary sub coil N22 is supplied to the base of control transistor TR2 through diode D1 7 and resistors R1 5 and R1 6 
so that the voltage detection circuit 1 8 is activated only during the period in which detection data is required for control, 
s is preferably applied not only to a switching power source of the RCC system, such as the switching power source 11 , 
but also to switching power sources of other systems such as the aforementioned PWM system, as a means for cutting 
power consumption. 

[0119] Referring to Fig. 4, the following description will discuss the second embodiment of the present invention, 
[0120] Fig. 4 is an electric circuit diagram of a switching power source 21 of the second embodiment of the present 

io invention. The switching power source 21 is similar to the aforementioned switching power source 11 , and the corre- 
sponding parts are indicated by the same reference numerals and the description thereof is omitted. What is noted is 
that the switching power source 21 has a modified starter circuit, and instead of capacitor C2 in the aforementioned 
starter circuit 14, this starter circuit 14a is provided with transistor TR14, resistor R6 and capacitor C3. 
[01 21] Transistor TR1 4 of the PNP type constitutes a series circuit together with the aforementioned voltage-dividing 

is resistors R3 through R5, and is interpolated between the main power-source lines 1 2 and 1 3. The emitter of transistor 
TR14 is connected to the main power-source line 12 on the high-level side, the collector thereof is connected to voltage- 
dividing resistor R3, and the base thereof is connected to the main power-source line 1 3 on the low-level side through 
a series circuit of resistor R6 and capacitor C3. Moreover, connecting point P9 between resistor R6 and capacitor C3 
is connected to the main power-source line 12 on the high-level side through discharging diode D5 that is the same 

20 as the aforementioned diode D4. 

[0122] Therefore, when, upon application of power, a main power-source voltage is applied, the base of transistor 
TR1 4 is biased to virtually 0 V by capacitor C3 which has been discharging; thus, transistor TR1 4 is turned on and the 
divided voltage of the main power-source voltage Vin is supplied to the gate of the main switching element Q as 
indicated by equation 1 , thereby making it possible to turn on the main switching element Q. Moreover, simultaneously 

25 with the application of power, charging of capacitor C3 is started, and after a lapse of the aforementioned predetermined 
time in which the aforementioned smoothing capacitor C16 in the sub power-source circuit 19 has been charged to a 
predetermined charged voltage, the terminal-to-terminal voltage of capacitor C3 becomes virtually equal to the main 
power-source voltage. Thus, transistor TR14 is turned off, and in the stand-by state, the actuation of the main switching 
element Q is available by using the divided voltage of the charged voltage of smoothing capacitor C16 as described 

30 earlier. 

[0123] Upon power cutoff, as the output voltage of smoothing capacitor C11 is lowered, a discharging path for ca- 
pacitor C13 is formed, that is, a path from smoothing capacitor C11 - the main power-source line 13 - capacitor C3 - 
diode D5 - the main power-source line 12 to smoothing capacitor C11 is formed, and the aforementioned resetting 
operation is carried out in preparation for the re-application of power. 
35 [0124] In the starter circuit 14a having the above-mentioned arrangement, supposing that the current amplification 
factor of transistor TR14 is hfe, the capacity of capacitor C3 can be set to a 1/hfe of the capacity of the aforementioned 
capacitor C2, thereby making it possible to miniaturize the capacitor in the starter circuit. 

[0125] Referring to Figs. 5 through 8, the following description will discuss the third embodiment of the present in- 
vention. 

40 [0126] Fig. 5 is an electric circuit diagram of a switching power source 31 of the third embodiment of the present 
invention. The switching power source 31 is similar to the aforementioned switching power sources 11 and 21 , and the 
corresponding parts are indicated by the same reference numerals and the description thereof is omitted. 
[0127] In the switching power source 31, control transistor TR2, the secondary sub coil N22 for driving it, and the 
device for on/off-driving the voltage detecting circuit 18 which consists of diode D17 and resistors R15 and R16 are 

4 5 omitted from the aforementioned switching power sources 11 and 21 . Therefore, although the power consumption of 
the voltage detection circuit 1 8 increases, it is preferably applied to a low-cost construction, and it also makes it possible 
to avoid an increase in the number of taps of the transformer Na in the switching power source 31 . 
[0128] Moreover, in the switching power source 31 , the sub power-source circuit 19a is constituted by the aforemen- 
tioned smoothing capacitor C16, two diodes D2 and D3, and a choke coil L. Diode D2 draws an induced current from 

50 one of the terminals of the control coil N12 in the on-period of the main switching element Q, and charges smoothing 
capacitor C16 through the choke coil L Fly-wheel diode D3 connects connecting point P10 between the choke coil L 
and diode D2 to the other terminal of the aforementioned the control coil N12. Therefore, when the main switching 
element Q is turned off and the polarity direction of the induced voltage of the control coil N12 is inverted, diode D2 is 
turned off so that the exciting current inside the choke coil L charges smoothing capacitor C1 6 through fly-wheel diode 

55 D3. The inductance of the choke coil L is selected so as to maintain the exciting current at zero until the next on-time 
of the main switching element in the non-stand-by state. 

[0129] The sub power-source circuit 19a having the above-mentioned arrangement makes it possible to eliminate 
the aforementioned sub power-source coil N1 3 from the transformer Na, and also to reduce the number of taps. 
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[0130] Moreover, in the aforementioned sub power-source circuit 19, since smoothing capacitor C16 is charged by 
means of the fly-back system, and since the rectifying voltage of the sub power-source coil N13 is directly connected 
to smoothing capacitor C1 6, the charging voltage E 0 of the aforementioned smoothing capacitor C1 6 is not susceptible 
to the influence of the output current value on the secondary side. Here, assuming that the numbers of coil of the 
secondary coil N21 and the sub power-source coil N1 3 are the same as the respective reference numerals, the charging 
voltage E 0 has a constant value represented as follows: 



E 0 = Vo X (N13/N21) ( 3) 

Consequently, the switching frequency during the stand-by state is set virtually to a constant value without reflecting 
the influence of load variations on the secondary side. 

[0131] In contrast, in the sub power-source circuit 19a, since smoothing capacitor C16 is charged from the control 
coil N1 2 through the choke coil L, the above-mentioned charging voltage E 0 increases as the output current value on 
the secondary side increases, that is, as the on-period of the main switching element Q becomes longer, thereby 
making it possible to increase the switching frequency. 

[0132] In other words, during the stand-by state in which control transistor TR1 is turned on. Fig. 6(a) shows the 
switching operation of the main switching element Q in the case of a comparatively light load, and when the load 
becomes slightly heavier, smoothing capacitor CI 6 is directly charged by the rectified voltage of the sub power-source 
coil N1 3 in the aforementioned switching power sources 11 and 21 , and since the charging voltage E 0 has a constant 
value as indicated by the aforementioned equation 3, the on-period is lengthened with the switching frequency being 
constant. When the on-time comes to a state in which restriction is made by the aforementioned resistor R1 2 as shown 
in Fig. 6(b), no proper response is available in the case when the load becomes further higher. 
[01 33] In contrast, in the switching power source 31 , since smoothing capacitor C1 6 is charged by a voltage applied 
from the output voltage of the control coil N12 through the choke coil L, the aforementioned charging voltage E 0 be- 
comes higher as the secondary-side output current value increases, as will be described in detail later, and as shown 
in Fig. 6(c), as the on-period is lengthened to the state in which restriction is made by the aforementioned resistor R1 2, 
the switching frequency also increases. Therefore, even in the stand-by state, it is possible to properly respond to the 
load variations. 

[0134] Fig. 7 is an equivalent circuit diagram that explains the operation of the sub power-source circuit 19a. Here, 
in Fig. 7, the starter circuit 14 and control transistor TR12 and resistor R14, which consume electric currents, are 
represented by resistor R 0 , and their consumption current is represented by l 0 . Supposing that a positive pulse from 
the control coil N12, that is, a pulse formed in a forward direction with respect to diode D2 in Fig. 7, has an output time 
of T, N , its voltage value is E, N , the switching period of the main switching element Q is T s , and the charging voltage of 
smoothing capacitor C16 is the aforementioned E 0 , the pulse E, N that is generated in the control coil N12 and the 
current l L that flows into smoothing capacitor C1 6 through the choke coil L are indicated by Fig. 8. Further supposing 
that the inductance of the choke coil L is the same as its reference numeral, and the average value l^y of the above- 
mentioned current l L is found from the following equations: 



1 f T XM (E I>( - E 0 ) 

2 x T $ 



-Llav - - X ^ . x T 



T» (E 2B - E.) T„ (E 1K - E.) 
+ ~ ■ x ■ 



• . . (4) 

[01 35] Here, the current l 0 that flows to constant resistor R 0 from smoothing capacitor C1 6 is represented as follows: 



, o = E o /R o (5), 
and when the charging voltage E 0 from smoothing capacitor C16 is stable, l^ v = l 0 ; therefore, the following equation 
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is obtained from equations 4 and 5: 

2 X L x To 

E o = e in-— -5 — (6) 

5 T |N X E |N X R 0 

[0136] Therefore, it is understood that, as the period T, N during which the main switching element Q is kept on 
increases, the charging voltage E 0 of smoothing capacitor C 1 6 increases. In this manner, the greater the output current 
value on the secondary side, the longer the on-period, as described earlier, and the greater the switching frequency; 
io therefore, it is possible to properly respond to the load variations even in the stand-by state. 

[01 37] Although the above-mentioned explanation exemplifies a case in which, as shown in Fig. 8, the current flowing 
through the choke coil L disappears during the off-period of the positive pulse of the control coil N12, the charging 
current E 0 of smoothing capacitor C16 increases as the load increases also in the case when the current does not 
disappear. 

15 [0138] Referring to Fig. 9, the following description will discuss the fourth embodiment of the present invention. 

[01 39] Fig. 9 shows an electric circuit diagram of a switching power source 41 of the fourth embodiment of the present 
invention. The switching power source 41 is similar to the aforementioned switching power source 31 , and the corre- 
sponding parts are indicated by the same reference numerals and the description thereof is omitted. Here, the switching 
power source 41 has the same construction as a switching power source 1 31 which will be described later, if, instead 

20 of the control circuit 1 32, a series circuit consisting of resistor R1 and transistor TR1 , and the starter circuit 1 4 are used 
so as to reduce the switching frequency at the time of light load. 

[0140] In the switching power source 41 , taking it into consideration that smoothing capacitor C16 of the sub power- 
source circuit 19a in the aforementioned switching power source 31 is charged by a voltage corresponding to the 
secondary-side output current value, the on/off driving of control transistor TR1 is carried out based upon the output 
25 voltage of this smoothing capacitor C16. 

[0141] More specifically, the base of control transistor TR1 is connected to the low-level side of the main power- 
source line 13 by transistor TR15 instead of photo-transistor TR1 3 of the aforementioned photo-coupler PC2, and the 
output voltage of the aforementioned smoothing capacitor C16 is supplied to the base of transistor TR1 5 through Zener 
diode D18 and resistor R17. 

30 [0142] Therefore, when the load on the secondary side becomes higher with the charging voltage of smoothing 
capacitor C1 6 being higher and exceeding the Zener voltage of Zener diode D1 8, a current flows to the base of transistor 
TR15, turning transistor TR15 on. Thus, the base of transistor TR1 goes low and transistor TR1 is turned off so that 
the operation is carried out in the normal operation mode in the non-stand-by state. 

[0143] In contrast, when the load on the secondary side becomes lighter with the charging voltage being lower than 
35 the Zener voltage, the base current of transistor TR15 becomes zero and transistor TR15 is turned off; thus, the base 
of transistor TR1 is biased by resistor R14, and therefore, transistor TR1 is turned on so that the operation is carried 
out in the operation mode in the stand-by state. 

[0144] In this manner, control transistor TR1 is automatically controlled by making a judgement as to the level of the 
load only by the use of the primary side; therefore, it becomes possible to eliminate the need for installing a specific 
40 construction for detecting the operation mode of installed equipment, such as control terminal P5, and consequently 
to cut costs. 

[0145] Referring to Fig. 10, the following description will discuss the fifth embodiment of the present invention. 
[0146] Fig. 1 0 is an electric circuit diagram of a switching power source 51 of the RCC- system of the fifth embodiment 
of the present invention. 

45 [01 47] A dc, which has been obtained by rectifying a commercial ac by using a main power source circuit (not shown), 
is inputted between input terminals P1 and P2. The dc is smoothed by smoothing capacitor C11, and a main power 
source voltage is outputted between a main power source line 12 on the high-level side and a main power source line 
13 on the low-level side from smoothing capacitor C11. 

[0148] A series circuit of the primary main coil N 11 of a transformer Na and a main switching element Q is connected 
50 between the main power source lines 12 and 13. The main switching element Q is realized by using, for example, a 
bipolar transistor or an electric-field effect type transistor, and in the example of Fig. 10, the electric -field effect type 
transistor is adopted. Moreover, a control circuit 59 connected between the main power source lines 12 and 13 through 
a starting resistor R3. 

[0149] Upon application of power, that is, upon applying a source voltage between input terminals P1 and P2, the 
55 output voltage of smoothing capacitor C11 , that is, the main source voltage, increases, and when the voltage-divided 
value in the control circuit 59 from the starting resistor R3 reaches the threshold voltage Vth of the main switching 
element Q, for example, not less than 3 V, the main switching element Q is turned on so that a voltage in the upward 
direction in Fig. 10 is applied to the primary main coil N11 and excited energy is accumulated therein. When the main 
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switching element Q is turned off in a manner as will be described later, an electro motive force having the downward 
direction is generated in the primary main coil N11 by the accumulated excited energy thereby inducing a voltage 
having the upward direction in the secondary main coil N21. 

[0150] The dc, induced in the above-mentioned secondary main coil N21 , is given to smoothing capacitor C1 3through 
diode D12, and after having been smoothed by smoothing capacitor C13, it is outputted to a load circuit, not shown, 
from output terminals P3 and P4 through the output power-source lines 16 and 17. A voltage detection circuit 18 is 
interpolated between the above-mentioned output power-source lines 16 and 17. The voltage detection circuit 18 is 
constituted by voltage-dividing resistors, photo-coupler PC1, etc., and light-emitting diode D13 of the photo-coupler 
PC1 is driven so as to light up with a luminance corresponding to the output voltage, and the value of the output voltage 
is fed back to the primary side. 

[0151] Upon turning the main switching element Q on, a voltage is induced in the control coil N12 in the same upward 
direction as that in the primary main coil N11 , and its induced current is given to the gate of the main switching element 
Q through capacitor C1 for cutting dc, bias resistor R2 and the control circuit 59; thus, the gate potential of the main 
switching element Q is further raised so that the main switching element Q is maintained in the ON state. 
[0152] Moreover, the current induced in the control coil N12 upon turning the main switching element Q on is given 
to one of the terminals of capacitor CI 4 from the control circuit 59 through photo-transistor TR1 1 of the above-mentioned 
photo-coupler PC1 The other terminal of capacitor C14 is connected to the aforementioned main power-source line 
13 in the low level. Therefore, the above-mentioned capacitor C14 is charged with positive polarity as shown in Fig. 
10, and the higher the secondary-side output voltage becomes, the greater the charging current, thereby allowing the 
terminal voltage of capacitor C14 to increase rapidly. The charging voltage of capacitor C14 is supplied through the 
control circuit 59 to the base of control transistor TR12 that is interpolated between the gate and source of the main 
switching element Q, and when the output voltage goes beyond the threshold voltage of control transistor TR12, for 
example, not less than 0.6 V, control transistor TR 12 is allowed to conduct, making the gate voltage of the main switching 
element Q drop abruptly, with the result that the main switching element Q is off-driven. 

[0153] Therefore, the higher the secondary-side output voltage becomes, that is, the lighter the load, the quicker the 
output voltage of capacitor C1 4 increases, with the result that the main switching element Q is off -driven more quickly. 
Moreover, the current induced in the control coil N12 is supplied to capacitor C1 4 through two division resistors R51 
and R52. The series circuit consisting of division resistors R51 and R52 and capacitor C14 is connected in parallel 
with the control coil N12, thereby forming an excess-current protection circuit. Even if the output voltage of smoothing 
capacitor C 1 3 on the secondary side is low due to shortcircuiting between output terminals P3 and P4, etc. , the excess- 
current protection circuit makes it possible to limit the on-period of the main switching element Q to a predetermined 
period, thereby protecting the main switching element Q. 

[0154] Here, supposing that the numbers of coil of the control coil N1 2 and secondary main coil N21 are represented 
by the same numbers as the reference numerals and the output voltage on the secondary side is Vo, the voltage 
(N12/N21) Vo is induced in the control coil N12 in the downward direction of Fig. 10 upon turning the main switching 
element Q off; thus, when the induced current flows through division resistors R51 and R52, the charge of capacitor 
C14 is drawn so that capacitor 14 is charged with polarity reversed to that shown in Fig. 10, and a resetting operation 
for the next on-operation of the main switching element Q is carried out. 

[0155] When, after turning the main switching element Q off, the excited energy, accumulated in the primary main 
coil N11 , has been outputted to the secondary side, ringing occurs between parasitic capacity C1 5 mainly possessed 
by the control coil N12 and the control coil N12, the electrostatic energy, accumulated in parasitic capacity C15 with 
the voltage (N12/N21) Vo, is discharged, this is converted to excited energy of the control coil N12 after a 1/4 period 
of vibration, and then an electro motive voltage with the voltage (N12/N21) Vo in the upward direction is generated in 
the control coil N12 so as to again charge parasitic capacity C15. The electro motive voltage, which is a ringing pulse, 
is set to be not less than the threshold voltage Vth of the main switching element Q; thus, the main-switching element 
Q is again turned on by the electro motive voltage. In this manner, the main switching element Q is continuously on/ 
off-driven based upon the switching frequency corresponding to the load automatically thereby making it possible to 
provide a desired secondary -side output voltage. 

[0156] In addition to the above-mentioned normal construction of a switching power source of the RCC system, the 
switching power source 51 is provided with the following construction in order to reduce the switching frequency upon 
low load of an apparatus having the switching power source 51 in which it is in the stand-by state: A control signal is 
supplied from the apparatus to control terminal P5. A series circuit consisting of light-emitting diode D14 of photo- 
coupler PC2 and resistor R13 is connected between control terminal P5 and the output power-source line 17 on the 
low-level side. Therefore, when the control signal goes high upon receipt of heavy load, light-emitting diode D1 4 lights 
up, thereby informing the primary side of the heavy load state through the output. 

[0157] On the primary side, photo-transistor TR1 3 of the above-mentioned photo-coupler PC2, resistor R53 for by- 
passing the connecting point P51 of the above-mentioned division resistors R51 and R52 to the main power-source 
line 13 on the low level side, and control transistor TR51 are installed in the control circuit 59. At the time of the heavy 
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load, photo-transistor TR1 3 turns on, the oscillation-frequency restricting operation of the control circuit 59 is suspend- 
ed, and the aforementioned ringing pulse is given to the main switching element Q; therefore, the aforementioned 
normal RCC operation is carried out, while control transistor TR51 is turned off, thereby allowing capacitor C14 to be 
charged with positive polarity shown in Fig. 10 by a comparatively large charging current. 

[0158] In contrast, at the time of light load, the control signal to control terminal P5 goes low, light-emitting diode D1 4 
is turned off, the oscillation-frequency restricting operation is carried out, and control transistor TR12 is kept on so that 
the ringing pulse is bypassed; then, after a predetermined time, control transistor TR 12 turns off so that the main 
switching element Q is turned on by the voltage-divided value in the control circuit 59 from starting resistor R3. 
[0159] Moreover, at the time of light load, control transistor TR51 is also turned on, and one portion of the charging 
current to capacitor C14 is bypassed, allowing capacitor C14 to be charged with positive polarity shown in Fig. 10 by 
a comparatively small charging current. 

[0160] Therefore, even if the bypassing of the ringing pulse causes an operation dead time in the main switching 
element Q and the discharge of charging potential of capacitor C14 progresses, thereby reducing in off timing the 
electric charge having the polarity reversed to that shown in Fig. 10, which is to remain in capacitor C14, the corre- 
sponding reduction in the electric charge can be compensated for by dividing and bypassing the charging current 
having the positive polarity as shown in Fig. 10 at the on time by resistor R53 and control transistor TR51 and sup- 
pressing the charging current. 

[0161] Therefore, the time period during which capacitor C1 4 is charged by the voltage of the positive polarity induced 
on the control coil N12 upon turning on the main switching element Q to form the above-mentioned threshold voltage 
of the positive polarity that is sufficient to turn on control transistor TR12 is virtually the same even at the time of light 
load as that at the time of heavy load. The above-mentioned time is equal to the on time of the main switching element 
Q, and corresponds to the current flowing through the main switching element Q, such as a current having a triangular 
waveform, which increases with the increase in the on time of the main switching element Q. Therefore, it is possible 
to make the excess current limit value of the main switching element at the time of light load virtually the same as that 
at the time of heavy load. 

[0162] As described above, in the present embodiment, the resistor used for overcurrent protection is constituted by 
division resistors R51 and R52, and its connecting point P51 is bypassed by transistor TR51 . Thus, at the time of light 
load, the charging current having the positive polarity that is flowed from the control coil N12 during the on-time is 
reduced so that the charging time to the predetermined voltage is lengthened; therefore, the control circuit 59 makes 
it possible to reduce the switching frequency sufficiently by making the overcurrent limitation value of the main switching 
element Q virtually equal to that at the time of heavy load. 

[0163] As a result, in the switching power source 51 of the RCC system, in an attempt to reduce the switching 
frequency at the time of light load so as to improve the power-conversion efficiency, with respect to capacitor C14 
which activates control transistor TR12 for off -driving the main switching element Q when its charging voltage has 
become a predetermined voltage, the accumulated charge having the reversed polarity, which has flowed thereto 
during the off-time of the main switching element Q, is discharged during the operation suspension period; and this 
discharged portion is compensated so that the overcurrent limitation values at the time of light load and at the time of 
heavy load virtually equal to each other. 

[0164] In this manner, when provision is made to reduce the oscillation frequency at the time of light load in order to 
improve the power conversion efficiency by reducing power consumption required for drawing the electric potential 
accumulated in the parasitic capacity between the drain and source of the main switching element Q and also reducing 
the core loss of the transformer Na, the performance of each constituent part can be enhanced to the vicinity of the 
rated value even at the time of light load; therefore, there is no need to adopt parts having unnecessarily high rated 
values, and it is possible to achieve low costs. 

[0165] Referring to Fig. 11, the following description will discuss the sixth embodiment of the present invention. 
[0166] Fig. 11 shows an electric circuit diagram of a switching power source 52 of the second embodiment of the 
present invention. The basic construction of this switching power source 52 is the same as the constructions that have 
been explained in the above-mentioned embodiments one through four in the present embodiment. Further, the con- 
struction for suppressing a charging current to capacity C14 at the time of light load is the same as that in the afore- 
mentioned switching power source 51 ; therefore, the corresponding parts are indicated by the same reference numerals 
and the description thereof is omitted. 

[0167] A starter circuit 14, constituted by capacitor C2, voltage-dividing resistors R3 through R5 and diode D4, is 
connected between main power-source lines 12 and 13. Upon application of power, that is, when a power-source 
voltage is applied between the input terminals P1 and P2, the output voltage of smoothing capacitor C11, that is, the 
main source voltage, increases, and when the voltage-divided value between voltage-dividing resistors R4 and R5 of 
the starter circuit 14 becomes not less than the aforementioned threshold voltage Vth of the main switching element 
Q, the main switching element Q is on-driven. 

[0168] A snubber circuit 15 made of a series circuit of resistor R11 and capacitor C12 is parallel -connected between 
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the drain and source of the main switching element Q. This snubber circuit 15 absorbs and eliminates vibration that 
occurs due to leakage inductance between the primary main coil N11 and other coils N12 and N21 at the on-time of 
the main switching element Q. 

[0169] A current induced in the control coil N1 2 at the on-time of the main switching element Q is inputted to the gate 
of the main switching element Q through direct -current cutting capacitor C1 and bias resistor R2. Moreover, the current 
induced in the control coil N12 at the on-time of the main switching element Q is inputted to one of the terminals of 
capacitor C14 from the above-mentioned capacitor C1 and bias resistor R2 through photo-transistor TR11 of photo- 
coupler PC 1 The charging voltage of capacitor C1 4 is inputted to the base of control transistor TR1 2 that is interpolated 
between the gate and source of the main switching element Q. 

[0170] A series-circuit consisting of diode D11 for preventing reverse currents, Zener diode D15, resistor R1 and 
control transistor TR1 is connected between connecting point P6 between capacitor C1 and bias resistor R2 and the 
power-source line 13 on the low-level side. Connecting point P52 between control transistor TR1 that also has the 
function of the aforementioned control transistor TR51 and resistor R1 is connected to connecting point P51 of the 
aforementioned dividing resistors R51 and R52 through resistor R53. 

[0171] To the base of control transistor TR1 is supplied a source voltage from the sub power-source circuit 1 9a that 
forms a voltage corresponding to the secondary-side output current value, as will be described later, through resistor 
R14. Transistor TR15 is interpolated between the base of control transistor TR1 and the main power-source line 13 
on the low-level side, and the source voltage from the sub power-source circuit 1 9a is inputted to the base of transistor 
TR15 through resistor R17 and Zener diode D18. 

[0172] In other words, instead of the aforementioned photo-transistor TR13 of photo-coupler PC2, transistor TR15 
drives the base of control transistor TR1 ; therefore, when the load of the secondary side becomes higher to make the 
source voltage from the sub power-source circuit 19a not less than the Zener voltage of Zener diode D18, a current 
flows through the base of transistor TR1 5, thereby turning transistor TR15 on. Consequently the base of control tran- 
sistor TR1 goes low, and control transistor TR1 is turned off, thereby carrying out an operation in the high-load operation 
mode. 

[0173] In contrast, when the load of the secondary side becomes light to make the charging voltage lower than the 
Zener voltage, the base current of transistor TR15 becomes zero, thereby turning transistor TR15 off; thus, the base 
of control transistor TR1 is biased by the aforementioned resistor R14 so that control transistor TR1 turns on, thereby 
carrying out an operation in the low-load operation mode. 

[0174] In this manner, control transistor TR1 is automatically controlled by making a judgement as to the level of the 
load only by the use of the primary side; therefore, there is no need to install a special construction for detecting the 
operation mode of installed devices such as control terminal P5, and it is possible to reduce costs. 
[0175] The aforementioned sub power-source circuit 1 9a is constituted by smoothing capacitor C16, two diodes D2 
and D3and the choke coil L. Diode D2 draws an induced current from one of the terminals of the control coil N1 2 while 
the main switching element Q is on, and charges smoothing capacitor C16 through the choke coil L. Fly-wheel diode 
D3 connects connecting point P10 of the choke coil L and diode D2 to the other terminal of the aforementioned the 
control coil N12. Therefore, when the main switching element Q turns off and the direction of polarity of the induced 
voltage in the control coil N12 is inverted, diode D2 turns off, thereby allowing an exciting current inside the choke coil 
L to charge smoothing capacitor C16 through fly-wheel diode D3. The inductance of the choke coil L is selected so 
that the above-mentioned exciting current becomes zero by the next on-time of the main switching element at the time 
of heavy load. 

[0176] With this construction, smoothing capacitor C16 is charged to a voltage corresponding to the output current 
value on the secondary side as described earlier so that it becomes possible to carry out the on/off driving of control 
transistor TR1 based upon the output voltage of smoothing capacitor C16. 

[0177] In the switching power source 52 having the above-mentioned construction, upon heavy load, transistor TR1 5 
turns on, and control transistor TR1 turns off, with the result that the aforementioned normal RCC operation is carried 
out without being subjected to any effects from the aforementioned series-circuit consisting of diode D1 1 for preventing 
reverse currents, Zener diode D15, resistor R1 and control transistor TR1 . 

[0178] In contrast, upon light load, transistor TR15 turns off and transistor TR1 turns on, with the result that the 
series-circuit is connected between the aforementioned connecting point P6 and the main power-source line 13. For 
example, the resistivity of bias resistor R2 is set to 680 Q, and the resistivity of resistor R1 is set to, for example, 150 
CI. Therefore, during the on-time of the main switching element Q, a greater current is allowed to flow the series circuit, 
while the main switching element Q is kept at the on-state, so that a charge is accumulated in capacitor C1 with the 
control coil N12 side being positive. 

[0179] Therefore, at the time of light load, even if a ringing pulse occurs, the ringing pulse is reverse -biased by a 
voltage between the terminals of capacitor C1, and is supplied to the main switching element Q, thereby preventing 
the on-driving of the main switching element Q. As compared with the above-mentioned conventional switching power 
source 1 , this switching power source 52 is formed merely by adding a simple construction of resistor R1 and control 
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transistor TR1 except for Zener diode D15 and diode D11 for preventing reverse currents which are not essential 
constituent parts as will be described later. More specifically, the switching frequency, which has been kept at, for 
example, approximately 80 kHz upon heavy load, increases to a range of 400 kHz to 500 kHz upon light load in the 
above-mentioned switching power source 1 ; in contrast, the switching power source 52 makes it possible to reduce it 
to approximately several kHz, and consequently to greatly enhance the power-conversion efficiency at the time of 
heavy load. Further, the aforementioned switching power source 51 needs a comparatively complex construction in 
the control circuit 59; however, as described above, this switching power source 52 is, virtually, merely added by resistor 
R1 and control transistor TR1 , and control transistor TR1 also has a function of the aforementioned control transistor 
TR51; this makes it possible to provide such an extremely simple construction. 

[0180] The power-source voltage from the sub power-source circuit 19a is also outputted to connecting point P7 of 
voltage-dividing resistors R3 and R4 of the above-mentioned starter circuit 14. Accordingly, the aforementioned ca- 
pacitor C2 is installed in the starter circuit 14. 

[0181] Therefore, upon application of power in which the voltage across the terminals of capacitor C2 is virtually 
zero, the divided voltage by the voltage-dividing resistors R3 through R5 of the main power-source voltage that is, for 
example, as high as several hundreds V, is applied to the gate of the main switching element Q. 
[0182] In contrast, after the lapse of a predetermined time from the application of power, smoothing capacitor C16 
is charged to a predetermined power-source voltage, for example, approximately 10 V, and capacitor 02 is charged 
to a voltage corresponding to the difference between the aforementioned main power-source voltage and the output 
voltage of the sub power-source circuit 1 9a. Therefore, as described earlier, even if the on-driving of the main switching 
element Q by the ringing pulse is not carried out due to light load and the starter circuit 1 4 is allowed to output a voltage 
for the on-driving, the current flow from the main power-source side to the voltage-dividing resistors R3 through R5 
can be prevented, and the main switching element Q can be driven by the divided voltage of the output voltage of the 
sub power-source circuit 1 9a that is a comparatively low voltage. Thus, it is possible to cut power consumption by 
voltage-dividing resistors R3 through R5, and consequently to achieve high efficiency. 

[0183] Here, diode D4 used for discharging is installed between connecting point P8 of the above-mentioned capac- 
itor C2 and voltage dividing resistor R3 and the main power-source line 1 3 on the low-level side in parallel with voltage- 
dividing resistors R3 through R5 so as to be aligned in a reverse-bias direction. Therefore, when the main power- 
source voltage drops, the following discharging paths are formed for capacitor C2: a path from smoothing capacitor 
C11 - main power-source line 13 - voltage-dividing resistors R5 through R3 - capacitor C2 - main power-source line 
12 to smoothing capacitor C11, and a path from smoothing capacitor C11 - main power-source line 13 - diode D4 - 
capacitor C2 - main power-source line 12 to smoothing capacitor C11 . With these paths, even if the time from a power- 
source cut-off to a re-application is too short, capacitor C2 is positively allowed to discharge so that the electrical 
potential of connecting point P8 increases to virtually the same level as the main power-source voltage; therefore, it 
is possible to positively start the main switching element Q. 

[0184] Additionally, in the same manner as the first embodiment, resistivities of division resistors R3 through R5 and 
the Zener voltage of Zener diode D15 are determined based upon equation (1 ), equation (2), etc. Moreover, if equation 
(1) and equation (2) can be satisfied at the time of light load, Zener diode D15 may be omitted. Furthermore, in the 
case when the negative bias is not released to the gate of the main switching element Q during the off-period of the 
main switching element Q by modifying, for example, the base-current supplying circuit, etc., it is also possible to omit 
diode D11 used for preventing reverse currents. 

[0185] Referring to Fig. 12, the following description will discuss the seventh embodiment of the present invention. 
[0186] Fig. 12 is a block diagram of a switching power source 61 of the seventh embodiment of the present invention. 
Since this switching power source 61 is similar to the aforementioned switching power source 51 , those corresponding 
members are represented by the same reference numerals and the description thereof is omitted. In the switching 
power source 61, control transistor TR51 is placed in parallel with division resistor R52. Therefore, the control circuit 
59 controls this transistor TR51 so that at the time of heavy load, it is turned on so as to shortcircuit across the terminals 
of division resistor R52, thereby allowing the induced current in the control coil N12 to charge capacitor C14 with a 
comparatively small resistivity, and so that at the time of light load, it is turned off so as to release the terminals of 
division resistor R52, thereby allowing the induced current to be supplied to capacitor C14 with a comparatively large 
resistivity. 

[0187] In this manner also, it is possible to make limited values on excessive currents of the main switching element 
Q virtually the same in both the light load time and the heavy load time by compensating capacitor C1 4 for its discharged 
portion of the accumulated charge having the reverse polarity due to the operation stop period of the main switching 
element Q at the time of light load. Here, it is needless to say that control transistor TR51 may be placed in parallel 
with division resistor R51 . 

[0188] Referring to Fig. 1 3, the following description will discuss the eighth embodiment of the present description. 
[0189] Fig. 13 is an electric circuit diagram of a switching power source 62 of the eighth embodiment of the present 
invention. Since this switching power source 62 is similar to the aforementioned switching power sources 52 and 61 , 
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those corresponding members are indicated by the same reference numerals, and the description thereof is omitted. 
In this switching power source 62, in an attempt to utilize the fact that upon heavy load, transistor TR1 is turned off 
with its collector potential high, and that upon light load it is turned off with its collector potential low, the base of control 
transistor TR51 is connected to the collector of control transistor TR1 . With this arrangement also, in the same manner 
5 as the aforementioned switching power-source 61, the terminals of division resistor R52 can be shortcircuited at the 
time of heavy load, and can be opened at the time of light load. 

[0190] Referring to Fig. 14, the following description will discuss the ninth embodiment of the present invention. 
[0191] Fig. 14 is a block diagram of a switching power source 71 of the ninth embodiment of the present invention. 
Since this switching power source 71 is similar to the aforementioned switching power source 51 , those corresponding 
io members are represented by the same reference numerals and the description thereof is omitted. In this switching 
power source 71 , two division resistors R51 and R52 are placed in parallel with each other, and the aforementioned 
transistor TR51 is connected in series with one of the division resistors (in an example of Fig. 14, with division resistor 
R52). 

[0192] Therefore, at the time of heavy load, the control circuit 59 turns transistor TR51 on so as to minimize a com- 
15 posite resistivity by voltage-diving resistors R51 and R52, thereby supplying the induced current from the control coil 
N12 to capacitor C14 with a relatively small resistivity At the time of light load, it turns transistor TR51 off, thereby 
supplying to capacitor C14 with a relatively large resistivity. In this manner also, it is possible to make limited values 
on excessive currents of the main switching element Q virtually the same in both the light load time and the heavy load 
time, by compensating capacitor C14 at the time of light load for a reduction in its accumulated charge having the 
20 reverse polarity. 

[0193] Referring to Fig. 15, the following description will discuss the tenth embodiment of the present invention. 
[0194] Fig. 15 is an electric circuit diagram of a switching power source 72 of the tenth embodiment of the present 
invention. Since this switching power source 72 is similar to the aforementioned switching power sources 52 and 71 , 
those corresponding members are indicated by the same reference numerals, and the description thereof is omitted. 
25 in the switching power source 72, control transistor TR51 is series-connected to one of two division resistors R51 and 
R52 placed in parallel with each other, and its base is connected to the collector of the aforementioned control transistor 
TR1. 

[0195] With this construction also, at the time of heavy load, control transistor TR1 is turned off with its collector high, 
thereby allowing control transistor TR51 to turn on so that the induced current in the control coil N12 is allowed to 
30 charge capacitor C14 with a relatively small resistivity. In contrast, at the time of light load, control transistor TR1 is 
turned on with its collector low, thereby allowing control transistor TR51 to turn off so that the induced current is allowed 
to charge capacitor C14 with a relatively large resistivity. 

[0196] Referring to Fig. 16, the following description will discuss the 11th embodiment of the present invention. 
[0197] Fig. 16 is a block diagram that shows a switching power source 81 of the 11th embodiment of the present 

35 invention. Since this switching power source 81 is similar to the aforementioned switching power source 51 , the cor- 
responding members are indicated by the same reference numerals, and the description thereof is omitted. In the 
switching power source 81 , constant resistor R1 2 is used in lieu of the aforementioned division resistors R51 and R52, 
capacitor C14 is divided into two division capacitors C81 and C82 that are connected in series with each other, and 
the aforementioned control transistor TR51 is installed in parallel with either division capacitor C81 or division capacitor 

40 C82 (in an example of Fig. 16, with C82). The capacity of division capacitor C81 is selected so as to be equal to that 
of the aforementioned capacitor C14. 

[0198] Therefore, at the time of light load, the control circuit 59 turns control transistor TR51 on so as to bypass 
division capacitor C82, thereby allowing the induced current from the control coil N1 2 to charge division capacitor C81 
with a comparatively large capacity In contrast, at the time of heavy load, the control circuit 59 turns control transistor 
45 TR51 off, thereby allowing the induced current to charge a relatively small composite capacity made by connecting 
division capacitors C81 and C82 in series with each other. 

[0199] In this manner, it is possible to compensate division capacitor C81 for a reduction in its accumulated charge 
having the reverse polarity at the time of light load by minimizing the capacity value of the capacitors, and consequently 
to make limited values on excessive currents of the main switching element Q virtually the same in both the light load 

50 time and the heavy load time. 

[0200] Referring to Fig. 17, the following description will discuss the 12th embodiment of the present invention. 
[0201] Fig. 17 is an electric circuit diagram showing a switching power source 82 of the 12th embodiment of the 
present invention. Since this switching power source 82 is similar to the aforementioned switching power sources 52 
and 81, the corresponding members are indicated by the same reference numerals, and the description thereof is 

55 omitted. In this switching power source 82 also, the aforementioned capacitor C 1 4 is divided into two division capacitors 
C81 and C82, and control transistor TR1 shortcircuits or opens the terminals of division capacitor C82. 
[0202] Referring to Fig. 18, the following description will discuss the 13th embodiment of the present invention. 
[0203] Fig. 18 is a block diagram that shows a switching power source 91 of the 13th embodiment of the present 
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invention. Since this switching power source 91 is similar to the aforementioned switching power sources 71 and 81 , 
the corresponding members are indicated by the same reference numbers and the description thereof is omitted. In 
the switching power sources , the aforementioned capacitors C81 and C82 are placed in parallel with each other, and 
the aforementioned control transistor TR51 is connected in series with one of the capacitors (division capacitor C82 
in an example of Fig. 18). The capacity of division capacitor C81 is set to be equal to that of the aforementioned 
capacitor C14. 

[0204] The control circuit 59 turns control transistor TR51 off at the time of heavy load, thereby making only the 
capacity of division capacitor C81 effective, and also turns control transistor TR51 on at the time of light load, thereby 
increasing the composite capacity value of division capacitors C81 and C82 so that the charging speed of division 
capacitors C81 and C82 is reduced. In this manner also, it is possible to make limited values on excessive currents of 
the main switching element Q virtually the same in both the light load time and the heavy load time. 
[0205] Referring to Fig. 19, the following description will discuss the 14th embodiment of the present invention. 
[0206] Fig. 1 9 shows an electric circuit diagram showing a switching power source 92 of the 1 4th embodiment of the 
present invention. Since this switching power source 92 is similar to the aforementioned switching power sources 72 
and 82, the corresponding parts are indicated by the same reference numerals and the description thereof are omitted. 
In the switching power source 92 also, the aforementioned capacitor C1 4 are divided into division capacitors C81 and 
C82 that are aligned in parallel with each other, and at the time of light load, division capacitor C82 is connected in 
parallel with the above-mentioned division capacitor C81 by control transistor TR1. 

[0207] Referring to Fig. 20, the following description will discuss the 15th embodiment of the present invention. 
[0208] Fig. 20 is a block diagram showing a switching power source 101 of the 15th embodiment of the present 
invention. Since this switching power source 101 is similar to the aforementioned switching power sources 51, the 
corresponding parts are indicated by the same reference numerals and the description thereof is omitted. In the switch- 
ing power source 101 , a series circuit consisting of discharging resistor R101 and the aforementioned control transistor 
TR51 is installed in parallel with capacitor C 14. A the time of heavy load, the control circuit 59 turns control transistor 
TR51 off, while at the time of light load, it turns control transistor TR51 on so as to bypass one portion of a charging 
current that flows from the aforementioned control coil N12 to capacitor C1 4 through constant resistor R12. 
[0209] Therefore, since one portion of the charging current is bypassed at the time of light load, it is possible to 
compensate capacitor C14 for a reduction in its accumulated charge having the reverse polarity at the time of light 
load, and consequently to make the overcurrent limitation values of the main switching element Q at the time of light 
load and at the time of heavy load virtually equal to each other. 

[0210] Referring to Fig. 21, the following description will discuss the 16th embodiment of the present invention. 
[0211] Fig. 21 is an electric circuit diagram showing a switching power source 102 of the 16th embodiment of the 
present invention. Since this switching power source 102 is similar to the aforementioned switching power sources 52 
and 101 , the corresponding parts are indicated by the same reference numerals and the description thereof is omitted. 
In this switching power source 102 also, discharging resistor R101 is placed in parallel with the aforementioned ca- 
pacitor C1 4, and discharging resistor R101 is connected to the main power-source line 13 on the low-level side through 
the aforementioned control transistor TR1 . This arrangement also makes it possible to bypass one portion of the charg- 
ing current of capacitor C14 at the time of light load. 

[0212] Referring to Fig. 22, the following description will discuss the 17th embodiment of the present invention. 
[0213] Fig. 22 is a block diagram showing a switching power source 111 of the 17th embodiment of the present 
invention. The basic construction of this switching power source 111 is similar to the aforementioned switching power 
source 51; however, in contrast with the fact that any of the switching power sources 61, 71, 81, 91, 101, including the 
switching power source 51 , has an attempt to make the overcurrent limitation values of the main switching element Q 
at the time of light load and at the time of heavy load virtually equal to each other, by controlling the amount of charge 
to capacitor C14 or C81 and C82 which is made by the induced current of the control coil N12, during the on-time of 
the main switching element Q, this switching power source 111 has an attempt to make the above-mentioned overcur- 
rent limitation values equal to each other by adjusting the charging current having the reverse polarity to capacitor C14 
during the off-time of the main switching element Q. 

[0214] For this reason, to the above-mentioned capacitor C14 is connected diode D111 in series therewith on the 
control coil N12 side in a forward direction with respect to the charging current having the positive polarity during the 
on-time of the main switching element Q. Resistor R111 is placed in parallel with this diode D111, and a series circuit 
consisting of resistor R112 and the aforementioned control transistor TR51 is also connected thereto. Here, control 
transistor TR51 has its collector connected to the control coil N12 side, that is, to the cathode side of diode D111 , and 
its emitter connected to the capacitor C1 4 side. Additionally, resistor R11 2 and control transistor TR51 maybe replaced 
with each other. 

[0215] Therefore, during the on-time of the main switching element Q, the induced current of the control coil N12 
normally charges capacitor C14 with the positive polarity through diode D111. In contrast, during the off-time of the 
main switching element Q, control transistor TR51 is turned on at the time of light load, with the result that the induced 
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current having the reverse polarity in the control coil N12 charges capacitor C14 with the reverse polarity through a 
relatively small parallel resistivity of two resistors R111 and R112, while at the time of heavy load, control transistor 
TR51 is turned off, with the result that the induced current having the reverse polarity charges capacitor C14 with 
reverse polarity through a relatively high resistivity of only the resistor R111 . 

[0216] Therefore, a higher charge having the reverse polarity is stored in capacitor C14 at the time of light load as 
compared with the time of heavy load; this makes it possible to preliminarily compensate for an increase in the quantity 
of discharge due to the aforementioned operation suspension period of the main switching element Q. In this manner, 
it is possible to make the overcurrent limitation values of the main switching element Q at the time of light load and at 
the time of heavy load virtually equal to each other. 

[0217] Additionally, diode D112 is interpolated between the emitter of control transistor TR12 and the main power- 
source line 13 on the low-level side. This diode D112 is installed so as to ensure the operation of control transistor 
TR12 against the shift of its base-bias level toward the high potential side due to the insertion of the aforementioned 
diode D111. 

[0218] Referring to Fig. 23, the following description will discuss the 18th embodiment of the present invention. 
[0219] Fig. 23 is a block diagram showing a switching power source 121 of the 18th embodiment of the present 
invention. Since this switching power source 121 is similar to the aforementioned switching power source 111, the 
corresponding parts are indicated by the same reference numerals and the description thereof is omitted. In this switch- 
ing power source 121, the aforementioned diode D111 is placed in series with constant resistor R12. Therefore, with 
respect to the series circuit of diode D11 1 and constant resistor R12, the series circuit of diode D121 and resistor R111 
is installed, and the aforementioned control transistor TR51 is series-connected to resistor R112 which is placed in 
parallel with resistor R1 1 1 . 

[0220] The control circuit 59 turns control transistor TR51 on at the time of light load, thereby increasing the charging 
current having the reverse polarity to capacitor C1 4 in the same manner as the aforementioned switching power source 
111. In this manner also, it is possible to make the overcurrent limitation values of the main switching element Q at the 
time of light load and at the time of heavy load virtually equal to each other. 

[0221] It is needless to say that the same construction as the aforementioned switching power sources 111 and 121 
may be applied to the switching power sources related to the first through fourth embodiments of the present invention. 
[0222] In the above-mentioned fourth embodiment, etc., when the switching power source decreases the oscillation 
frequency, or changes the time constant used for charging capacitor C14 (C82 and C83), it makes a judgement as to 
the level of load based upon the terminal voltage of the choke coil L on the diode D1 side in the sub power-source 
circuit 19a placed on the primary side. Here, the sub power-source circuit 19a may be used regardless of the above- 
mentioned applications, as long as it is used for the purpose of identifying the level of load. The following description 
will discuss cases in which the sub power-source circuit 1 9a is used for applications other than those described above. 
[0223] Referring to Figs. 24 and 25, the following description will discuss the 1 9th embodiment of the present inven- 
tion. 

[0224] Fig. 24 is a block diagram showing an electrical construction of a switching power source 131 of the RCC 
system of the 1 9th embodiment of the present invention. A dc, which has been obtained by rectifying a commercial ac 
by using a main power source circuit (not shown), is inputted between input terminals P1 and P2. The dc is smoothed 
by smoothing capacitor C11 , and a main power source voltage is outputted between a main power source line 12 on 
the high-level side and a main power source line 13 on the low-level side from smoothing capacitor C11. 
[0225] A series circuit of the primary main coil N11 of a transformer Na and a main switching element Q is connected 
between the main power source lines 12 and 13. The main switching element Q is realized by using, for example, a 
bipolar transistors or an electric-field effect type transistor, and in the example of Fig. 24, the electric-field effect type 
transistor is adopted. Moreover, a control circuit 132 is connected between the main power source lines 12 and 13 
through resistor R3. 

[0226] Upon application of power, that is, upon applying a source voltage between input terminals P1 and P2, the 
output voltage of smoothing capacitor C11, that is, the main source voltage, increases, and when the output voltage 
of a starter circuit, which is realized by division resistors in the control circuit 132, exceeds the threshold voltage Vth 
of the main switching element Q, for example, not less than 3 V, the main switching element Q is turned on so that a 
voltage in the upward direction in Fig. 24 is applied to the primary main coil N11 and excited energy is accumulated 
therein. When the main switching element Q is turned off in a manner as will be described later, a voltage having the 
upward direction is induced in the secondary main coil N21 by the excited energy. The dc, induced in the above- 
mentioned secondary coil N21 , is given to smoothing capacitor C1 3 through diode D1 2, and after having been smoothed 
by smoothing capacitor C13, it is outputted to a load circuit, not shown, from output terminals P3 and P4 through the 
output power-source lines 16 and 17. 

[0227] A voltage detection circuit 1 8 is interpolated between the above-mentioned output power-source lines 1 6 and 
17. The voltage detection circuit 1 8 is constituted by division resistors, photo-coupler PC 1 , etc., and light-emitting diode 
D13 of photo-coupler PC1 is driven so as to light up with a luminance corresponding to the output voltage, and the 
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value of the output voltage is fed back to the primary side. 

[0228] Upon turning the main switching element Q on, a voltage is induced in the control coil N12 in the same upward 
direction as that of the primary main coil N11 , and its induced current is given to the gate of the main switching element 
Q through capacitor C1 for cutting dc and bias resistor R2; thus, the gate potential of the main switching element Q is 
further raised so that the main switching element Q is maintained in the ON state. 

[0229] Moreover, the current induced in the control coil N12 upon turning the main switching element Q on is given 
to one of the terminals of capacitor C14 from capacitor C1 and bias resistor R2 through photo-transistor TR11 of the 
above-mentioned photo-coupler PC1 . The other terminal of capacitor C14 is connected to the aforementioned main 
power-source line 13 in the low level; therefore, the higher the secondary-side output voltage becomes, the greater 
the charging current, thereby allowing the terminal voltage of capacitor C14 to increase rapidly. The charging voltage 
of capacitor C14 is supplied to the base of control transistor TR12 that is interpolated between the gate and source of 
the main switching element Q, and when the output voltage goes beyond the threshold voltage of control transistor 
TR12, for example, not less than 0.6 V, control transistor TR12 is allowed to conduct, making the gate voltage of the 
main switching element Q drop abruptly, with the result that the main switching element Q is off-driven. 
[0230] Therefore, the higher the secondary-side output voltage becomes, that is, the lighter the load, the quicker the 
output voltage of capacitor CI 4 increases, with the result that the main switching element Q is off -driven more quickly. 
Moreover, the current induced in the control coil N12 is supplied to capacitor C14 through resistor R12. With this 
arrangement, even if the output voltage of smoothing capacitor C1 3 on the secondary side is low due to shortcircuiting 
between output terminals P3 and P4, etc., it is possible to limit the on-period of the main switching element Q to a 
predetermined period, thereby protecting the main switching element Q. 

[0231] Here, supposing that the numbers of coil of the control coil N12 and the secondary main coil N21 are repre- 
sented by the same numbers as the reference numerals and the output voltage on the secondary side is Vo, the voltage 
(N12/N21 ) Vo is induced in the control coil N12 in the downward direction of Fig. 24 upon turning the main switching 
element Q off; thus, the charge of capacitor C14 is drawn, and a resetting operation for the next on-operation of the 
main switching element Q is carried out. 

[0232] When, after turning the main switching element Q off, the excited energy, accumulated in the primary main 
coil N11 , has been outputted to the secondary side, ringing occurs between parasitic capacity C15 mainly possessed 
by the control coil N12 and the control coil N12, the electrostatic energy, accumulated in parasitic capacity C15 with 
the voltage (N12/N21) Vo, is discharged, this is converted to excited energy of the control coil N12 after a 1/4 period 
of vibration, and then an electro motive voltage with the voltage (N12/N21 ) Vo in the upward direction is generated in 
the control coil N12 so as to again charge parasitic capacity C15. The electro motive voltage, which is a ringing pulse, 
is set to be not less than the threshold voltage of the main switching element Q; thus, the main switching element Q 
is again turned on by the electro motive voltage. In this manner, the main switching element Q is continuously on/off- 
driven based upon the switching frequency corresponding to the load automatically thereby achieving the RCC oper- 
ation for outputting a desired secondary-side output voltage. 

[0233] In addition to the construction for carrying out a normal RCC operation as described above at the time of 
heavy load in which the apparatus which is equipped with the switching power source 131 is in the non-stand-by state, 
the present invention is provided with a sub power-source circuit 19a and a decision circuit 20 in addition to the control 
coil N12 serving as a detection coil, so as to reduce the switching frequency at the time of light load in which the 
apparatus equipped with the switching power source 131 is in the stand-by state. 

[0234] The aforementioned sub power-source circuit 1 9a is constituted by smoothing capacitor C16, diodes D1 , D2 
and D3 and the choke coil L Diode D2 draws an induced current from one of the terminals of the control coil N1 2 while 
the main switching element Q is on, and charges smoothing capacitor C16 through the choke coil L Fly-wheel diode 
D3 connects connecting point P1 0 of the choke coil L and diode D2 to the other terminal of the aforementioned control 
coil N12. Therefore, when the main switching element Q turns off and the direction of polarity of the induced voltage 
in the control coil N12 is inverted, diode D2 turns off, thereby allowing an exciting current inside the choke coil L to 
charge smoothing capacitor C16 through fly-wheel diode D3. The inductance of the choke coil L is selected so that 
the above-mentioned exciting current becomes zero by the next on-time of the main switching element at the time of 
heavy load. 

[0235] In the sub power-source circuit 1 9a having the above-mentioned construction, the choke coil L serving as an 
impedance element is interpolated between diode D2, which is a rectifying means, and smoothing capacitor C16 so 
that the charging voltage E 0 of the aforementioned smoothing capacitor C16 becomes higher, as the output current 
, value on the secondary side increases, that is, as the on-period of the main switching element Q becomes longer. The 
charging voltage E 0 is supplied to the power-source input terminal VCC of the control circuit 1 32, and also supplied to 
the decision circuit 20, through diode D1. 

[0236] The decision circuit 20 is constituted by resistors R21 and R22, transistor TR21 and Zener diode D21 . The 
aforementioned charging voltage E 0 is supplied to the base of transistor TR21 through resistor R21 and Zener diode 
D21 , and the aforementioned charging voltage E 0 is applied to the collector of transistor TR21 through resistor R22, 
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with the collector being connected to the control input terminal CONT of the control circuit 132 and the emitter being 
connected to the main power-source line 13 on the low-level side. 

[0237] Therefore, when the load on the secondary side becomes heavier and the charging voltage Eq of smoothing 
capacitor C16 becomes higher so that it becomes not less than the Zener voltage of Zener diode D21, a current flows 
through the base of transistor TR21 , thereby turning transistor TR21 on. Consequently, the control input terminal CONT 
of the control circuit 132 goes low, thereby allowing the control circuit 132 to carry out an operation in the normal 
operation mode with heavy load. 

[0238] In contrast, when the load on the secondary side becomes lighter and the charging voltage Eq of smoothing 
capacitor C16 becomes lower than the Zener voltage, the base current of transistor TR21 becomes zero so that tran- 
sistor TR21 is turned off. Consequently, the control input terminal CONT of the control circuit 132 goes high, thereby 
allowing the control circuit 1 32 to carry out an operation in the operation mode with light load. 

[0239] In the operation mode with heavy load, the control circuit 132 carries out the normal RCC operation as de- 
scribed earlier, and in the operation mode with light load, it prevents the ringing pulse from entering the gate of the 
main switching element Q so that a re-activation is carried out by resistor R3 and a starter circuit in the control circuit 
1 32, thereby allowing a switching operation by using a frequency that is sufficiently lower than that of the RCC operation. 
[0240] As described above, the sub power-source circuit 1 9a having the above-mentioned construction operates as 
an equivalent circuit as shown in Fig. 7; therefore, as indicated by equations (4) through (6), as the period T, N during 
which the main switching element Q is kept on increases, the charging voltage Eq of smoothing capacitor C1 6 increases. 
In this case, constant resistor Rq shown in Fig. 7 is equivalent to the control circuit 132, resistors R21 and R22, and 
control transistor TR12. Thus, independent of a construction for controlling the switching frequency, the decision circuit 
20 makes a judgement as to the level of the load based upon the output voltage of the sub power-source circuit 1 9a, 
thereby controlling the switching frequency of the control circuit 1 32. 

[0241] As described above, in the present embodiment, in the switching power source 1 31 where the control circuit 
132 controls the on/off periods of the main switching element Q in response to the secondary-side output voltage 
detected by the voltage detection circuit 18 so as to obtain a desired secondary-side output voltage, the sub power- 
source circuit 19a rectifies and smoothes the induced voltage in the coil N12 for detection so as to allow the decision 
circuit 20 to make a judgement as to the level of the load based upon its output voltage. 

[0242] With this construction, when an attempt is made to reduce loss that increases with an increase in the switching 
frequency due to a charge drawn from the node of the main switching element Q, etc., it is possible to easily achieve 
a construction for making a judgement as to the level of the load with little loss. 

[0243] As described above, without causing greater loss due to, for example, a series connection of a current<le- 
tection resistor to the main switching element Q or an installation thereof in a line having a comparatively large current 
flow, such as, the power-source line 12, 1 3, 16 or 17, and with a simple construction provided only in the primary side 
circuit where only a simple insulation is required, it is possible to make a judgement as to the level of the load. Moreover, 
since the control coil N12 for generating a ringing pulse is used as the detection coil, it becomes possible to make a 
judgement as to the level of the load, without causing an increase in the number of coils and taps in the transformer N. 
[0244] Additionally, although the sub power-source circuit 19a is designed in the so-called forward system which 
generates a positive pulse in the control coil N12 during the on-time of the main switching element Q, also in the fly- 
back system which generates a positive pulse during the off-time thereof, it makes the positive-pulse generation period 
T, N longer with respect to an increase in load; therefore, it is possible to make a judgement as to the level of the load 
based upon the charging voltage E 0 of the smoothing capacitor C16. In the case of the construction using the fly-back 
system, it is possible to reduce the variation in the output voltage of the sub power-source circuit 19a with respect to 
the variation in the input power-source voltage. 

[0245] Although the above-mentioned explanation deals with a case in which the current flowing the choke coil L 
disappears during the off period of the positive pulse of the control coil N12 as shown in Fig. 8, also in the case when 
it does not disappear, it is possible to increase the charging voltage E 0 of smoothing capacitor C16 with the increase 
in the load. 

[0246] The sub power-source circuit 19a can achieve virtually the same operation as the sub power source circuit 
19b as shown in Fig. 25. In other words, the positive pulse, generated in the control coil N12, is supplied to the afore- 
mentioned smoothing capacitor C16 through diode D2 and resistor R. In this construction, since resistor R is used as 
the impedance element, it is possible to eliminate the aforementioned choke coil L and fly-wheel diode D3 although a 
slight loss occurs due to resistor R; thus, this construction is preferably used for a case in which low costs are required. 
[0247] Moreover, when a dedicated sub coil is attached to the transformer Na as a detection coil for the secondary 
side load, it becomes possible to set the output voltage of the sub power-source circuit 1 9a (1 9b) to an optimal value, 
independent of other designing limitations to the switching power source. 

[0248] Referring to Fig. 26, the following description will discuss the 20th embodiment of the present invention. 
[0249] Fig. 26 is a block diagram showing an electrical construction of a switching power source 201 of the 20th 
embodiment of the present invention. Since this switching power source 201 is similar to the aforementioned switching 
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power source 131 , the corresponding parts are indicated by the same reference numerals and the description thereof 
is omitted. Here, it is to be noted that the switching power source 201 is not a switching power source of the RCC 
system like the switching power source 1 31 , but a switching power source of the pulse-width modulation (PWM) system. 
[0250] In the switching power source 201 , when a power source voltage is applied between input terminals P1 and 
5 P2, the PWM control circuit 202 is activated by power supplied by an auxiliary power-source circuit 203, and controls 
the switching pulse width of the main switching element Q in accordance with the result of detection of the secondary- 
side output voltage by the voltage detection circuit 18 so that a desired secondary-side output voltage is obtained. The 
switching frequency is also varied in accordance with the result of decision from the decision circuit 20 supplied to the 
control terminal CONT. 

io [0251] Here, when the sub power-source circuit 1 9a (1 9b) is activated, and starts supplying power to the PWM control 
circuit 202, the auxiliary power-source circuit 203 stops supplying power and is maintained in a stopped state in the 
steady operation. 

[0252] In this manner, the present invention is also applied to the switching power source of the PWM system. 
[0253] As described in the first through fourth embodiments of the present invention, the switching power source 

15 (11, 21, 31, 41), which is a switching power source of the ringing choke converter system in which excited energy, 
accumulated in a transformer- (N, Na) during an on-period of a main switching element (Q), is outputted to an output 
circuit (C13) on the secondary side during an off-period and a ringing pulse, which is generated in a control coil (N12) 
of the transformer upon completion of an output, is fed back to the control terminal (G) of the main switching element 
through a first capacitor (C1) for cutting a dc so that the main switching element is on-driven, is characterized by 

20 comprising a series circuit that is constituted by a reverse bias voltage setting resistor (R1) and a control switching 
element for reducing the switching frequency (TR1 ), and that is connected to the output side of the first capacitor, and 
a bias resistor (R2) that is interpolated between the first capacitor and the main switching element, wherein the control 
switching element for reducing the switching frequency is on-driven at the time of light load, and a charge is accumulated 
in the first capacitor by a voltage induced in the control coil during the on-period of the main switching element at the 

25 time of light load, and upon occurrence of a ringing pulse, a reversed bias voltage is generated by the charge accu- 
mulated in the first capacitor so as to block the on-driving of the main switching element. 

[0254] With the above-mentioned arrangement, at the time of heavy load that is a normal load, the control switching 
element for reducing the switching frequency is maintained off, and the ringing pulse is supplied to the control terminal 
of the main switching element through the first capacitor and the bias resistor without being subject to the influence of 
30 the series circuit; thus, the main switching element is on-driven so that the switching operation is continuously carried 
out. 

[0255] In contrast, at the time of light load, the above-mentioned series circuit is connected between the first capacitor 
and the bias resistor so that more of the current induced in the control coil is allowed to flow through the first capacitor, 
thereby accumulating a charge. In this case, the electric potential of the control terminal of the main switching element 

35 js maintained by the bias resistor so that even if the series circuit is interpolated by the activation of the control switching 
element for reducing the switching frequency, the main switching element is allowed to maintain its on-state. When a 
ringing pulse is generated after the main switching element has been turned off and the excited energy has been 
discharged, the ringing pulse is reversely biased by a value corresponding to the charging voltage of the first capacitor, 
and supplied to the control terminal of the main switching element through the bias resistor, thereby making it possible 

40 to block the on-driving of the main switching element due to the ringing pulse. 

[0256] Therefore, when the main switching element once carries out a switching operation at the time of light load, 
the next switching operation is carried out in the same manner as that carried out upon application of power. More 
specifically, the electric potential of the control terminal of the main switching element is gradually changed by a starting 
voltage derived from the main power-source voltage divided by resistors, etc., and when it reaches the threshold voltage 

45 that allows the main switching element to turn on, the main switching element is turned on. 

[0257] In this manner, at the time of light load, the re-starting of the main switching element using the ringing pulse, 
which is carried out at the time of heavy load, is stopped, and a smooth re-starting operation is carried out in the same 
manner as that carried out upon application of power, thereby making it possible to reduce the switching frequency at 
the time of light load. Thus, it becomes possible to reduce losses that increase in proportion to the switching frequency, 

50 such as power required to draw a charge accumulated in the floating capacity between the drain and source in the 
main switching element, and consequently to obtain a higher power-conversion efficiency even at the time of light load. 
[0258] Here, such a reduction in the switching frequency at the time of light load can be achieved by using an inex- 
pensive construction having only a series circuit consisting of the reverse bias voltage setting resistor and the control 
switching element for reducing the switching frequency, and a second resistor. 

55 [0259] Moreover, as described in the first embodiment of the present invention, the above-mentioned switching power 
source, which is provided with a starter circuit 14 that is constituted by a series circuit of a capacitor (C2) and first 
through third starting resistors (R3 to R5) and that is interpolated between main power source lines (12, 13) with a 
connecting point between the second starting resistor and the third starting resistor being connected to the control 
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terminal of the main switching element, a sub power-source coil (N1 3) installed in the transformer, a sub power-source 
circuit (19) for rectifying and smoothing the output of the sub power-source coil, and a diode for preventing reverse 
current (D1) that supplies the output of the sub power-source circuit to the connecting point between the first starting 
resistor and the second starting resistor, is preferably arranged so that during a lapse of predetermined time from power 
application, the main switching element is turned on by a divided voltage of the main power-source voltage from the 
starter circuit and after the lapse of predetermined time from power application, the main switching element is turned 
on by a divided voltage from the sub power-source circuit. 

[0260] With the above-mentioned construction, when, after a lapse of predetermined time from power application, 
the output voltage of the smoothing capacitor of the sub power-source circuit has reached a sufficient voltage for 
activating the main switching element, the capacitor (C2) has been provided with a voltage virtually corresponding to 
the difference between the main power-source and the output voltage of the sub power-source circuit in this state; 
thus, it is possible to turn on the main switching element by the divided voltage of the output voltage of the sub power- 
source circuit, and also to prevent the incoming current from the main power source. 

[0261] Therefore, even if the construction is designed so that re-activation of the main switching element is carried 
out by the main power-source voltage that has been divided by the first through third starting resistors in the same 
manner as that at the time of application of power, the main switching element is turned on by the divided voltage of 
the main power-source, which, for example, reaches as much as several hundreds V only at the time of application 
of power, and after the lapse of the predetermined time, the main switching element can be turned on by the divided 
voltage of the output voltage of the sub power-source circuit, which is, for example, as small as 1 0 V. Thus, it becomes 
possible to also reduce the power consumption of the first through third starting resistors that are voltage dividing 
resistors, and consequently to achieve higher efficiency 

[0262] Moreover, as described in the third or fourth embodiment, the above-mentioned switching power source, 
which is provided with a starter circuit that is constituted by a series circuit of a capacitor (C2) and first through third 
starting resistors and that is interpolated between main power source lines with a connecting point between the second 
starting resistor and the third starting resistor being connected to the control terminal of the main switching element, 
a sub power-source circuit (1 9a) consisting of a rectifying diode (D2) that takes an output from one of the terminals of 
the control coil of the transformer (Na), a choke coil (L) to which the output of the rectifying diode is supplied, a smoothing 
capacitor (C16) for smoothing a current passing through the choke coil and a fly-wheel diode (D3) for connecting the 
connecting point between the rectifying diode and the choke coil to the other terminal of the control coil, and a reverse- 
current preventing diode (D1 ) that supplies the output of the sub power-source circuit to the connecting point between 
the first starting resistor and the second starting resistor, is preferably designed so that during a lapse of predetermined 
time from power application, the main switching element is turned on by a divided voltage of the main power-source 
voltage from the starter circuit and after the lapse of predetermined time from power application, the main switching 
element is turned on by a divided voltage from the sub power-source circuit. 

[0263] With the above-mentioned construction, during the on-period of the main switching element, a charge is ac- 
cumulated in the smoothing capacitor through the rectifying diode and the choke coil, and during the off-period of the 
main switching element, the exciting current inside the choke coil is allowed to charge the smoothing capacitor through 
the fly-wheel diode. 

[0264] Therefore, when, after a lapse of predetermined time from power application, the output voltage of the smooth- 
ing capacitor of the sub power-source circuit has reached a sufficient voltage for activating the main switching element, 
the capacitor (C2) has been provided with a voltage virtually corresponding to the difference between the main power- 
source and the output voltage of the sub power-source circuit in this state; thus, it is possible to turn on the main 
switching element by the divided voltage of the output voltage of the sub power-source circuit, and also to prevent the 
incoming current from the main power source. - " 

[0265] Therefore, even if the construction is designed so that re-activation of the main switching element is carried 
out by the main power-source voltage that has been divided by the first through third starting resistors in the same 
manner as that at the time of application of power, the main switching element is turned on by the divided voltage of 
the main power-source, which, for example, reaches as much as several hundreds V, only at the time of application 
of power, and after the lapse of the predetermined time, the main switching element can be turned on by the divided 
voltage of the output voltage of the sub power-source circuit, which is, for example, as small as 10 V. Thus, it becomes 
possible to also reduce the power consumption of the first through third starting resistors that are voltage dividing 
resistors, and consequently to achieve higher efficiency 

[0266] Here, since the smoothing capacitor is charged through the impedance element such as a choke coil, it is 
affected by the value of the secondary-side output current. For example, the charging voltage becomes higher as the 
secondary-side output current value increases. Therefore, when the load becomes large and the on-period of the main 
switching element is lengthened, causing the secondary-side output current value to become large, the voltage that is 
supplied from the sub power-source circuit so as to turn on the main switching element becomes high so that the on- 
timing of the main switching element becomes faster and the switching frequency also becomes higher. In this manner, 
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it Is possible to properly respond to large load variations at the time of light load. Moreover, it is not necessary to 
increase the number of taps in the transformer so as to supply power to the sub power-source circuit. 
[0267] Furthermore, as shown in the first embodiment or the third embodiment of the present invention, the switching 
power source is preferably designed to comprise a discharging diode (D4) that is installed in parallel with the first 

5 through third starting resistors in a reverse-bias direction. 

[0268] With the above-mentioned construction, when, after power cutoff, the power-source voltage of the main power 
source drops, the following discharging paths for the capacitor (C2) are formed: a path from the main power source - 
the third through first resistors - the capacitor (C2) to the main power source, and a path from the main power source 
- the discharging diode (D4) - the capacitor (C2) to the main power source. 

io [0269] Therefore, even if the time from power cutoff to re-application is short, the capacitor (C2) is positively allowed 
to discharge, and upon re-application of power, it can be positively turned on not by the output voltage from the smooth- 
ing capacitor of the sub power-source circuit that has dropped, but by the above-mentioned divided voltage of the main 
power source, etc. 

[0270] Moreover, as shown in second embodiment of the present invention, the switching power source is preferably 
is designed so that, instead of the capacitor (C2), a transistor (TR1 4) placed between one of the main power-source lines 
and the first starting resistor, a series circuit that consists of a base resistor (R6) and a capacitor (C3) and that connects 
the base of the transistor to the other main power-source line, and a discharging diode (D5), which connects the 
connecting point between the base resistor and the capacitor (C3) to the one of the main power-source line, are further 
installed. 

20 [0271] With the above-mentioned construction, assuming that the current amplification rate of the transistor (TR14) 
is hfe, the charging current of the capacitor (C3) is represented by 1/hfe with respect to the charging current of the 
capacitor (C2). 

[0272] Therefore, the capacitor can be provided in a small size. 

[0273] Moreover, when, after power cutoff, the power-source voltage of the main power source drops, the following 
25 discharging path for the capacitor (C3) is formed: a path from the main power source - the capacitor (C3) - the dis- 
charging diode (D5) to the main power source. 

[0274] Therefore, even if the time from power cutoff to re-application is short, the capacitor (C3) is positively allowed 
to discharge, and upon re-application of power, it can be positively turned on not by the output voltage from the smooth- 
ing capacitor of the sub power-source circuit that has dropped, but by the above-mentioned divided voltage of the main 
30 power source, etc. 

[0275] Moreover, as shown in the fourth embodiment of the present invention, the switching power source is prefer- 
ably designed so that the control switching element for reducing the switching frequency is controlled by using a charg- 
ing voltage in the smoothing capacitor of the above-mentioned sub power-source circuit. 

[0276] With the above-mentioned construction, since the smoothing capacitor of the sub power-source circuit is 
35 charged through the impedance element such as a choke coil and since its charging voltage corresponds to the value 
of the secondary-side output current, the level of the load can be judged by the charging voltage so as to control the 
control switching element for reducing the switching frequency. 

[0277] Therefore, it is possible to eliminate the need for installing a specific construction for detecting the operation 
mode of installed equipment, and also to control the control switching element for reducing the switching frequency 
40 automatically by making a judgement as to the level of the load only by the use of the primary side, thereby allowing 
cost reduction. 

[0278] Furthermore, as described in the first or second embodiment of the present invention, the switching power 
source, wherein a voltage detection circuit detects the secondary-side output voltage in the transformer, and the main 
switching element switches the primary current of the transformer in response to the result of detection so that a desired 
45 secondary current having a constant voltage is obtained, is designed to further comprise a switching element used for 
timing control (TR2) that is interpolated between the secondary-side output lines in series with the voltage detection 
circuit, and a bias circuit (D1 7, R1 5, R 1 6) for supplying the output of the secondary coil of the transformer to the control 
terminal of the switching element used for timing control. 

[0279] With the above-mentioned construction, when an output voltage is induced on the secondary side, a bias 
50 voltage is supplied to the control terminal of the switching element used for timing control by the bias circuit so that the 
voltage detection circuit is connected between the secondary-side output lines. 

[0280] Therefore, the voltage detection circuit is made operative only for a minimum period required for the detection 
of the secondary-side output voltage; therefore, it is possible to reduce power consumption in the voltage detection 
circuit provided with light-emitting diodes of the photo-coupler and division resistors, and consequently to improve the 
55 power-conversion efficiency. 

[0281 ] As described in the 5th through 1 8th embodiments of the present invention, the switching power source, which 
is a switching power source of the ringing choke converter system in which: excited energy is accumulated in a trans- 
former during an on-period of a main switching element; a second capacitor (C14, C81-C82) is charged by a current 
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obtained in a constant resistor (R51 -R52, R12) from a voltage induced in a control coil in the transformer and a feed- 
back current from the secondary side; when the charged voltage becomes a predetermined voltage, an off-driving 
control switching element (TR12) off-drives the control terminal of the main switching element; during the off-period, 
the excited energy accumulated in the transformer is outputted to an output circuit on the secondary side; upon com- 
pletion of the output, a ringing pulse occurring in the control coil of the transformer is fed back to the control terminal 
of the main switching element through the first dc -cutting capacitor (C1) so that the main switching element is again 
on-driven, is provided with a switching-frequency switching means (59, TR1, R1, R2) for reducing the switching fre- 
quency of the main switching element at the time of light load than that at the time of heavy load and a charge-com- 
pensating means (TR51, R53, R101, D111, R111, R112, D111 and D1 21 ) that compensates an overcurrent protection 
circuit that is constituted a series circuit consisting of the constant resistor and the second capacitor and that is con- 
nected in parallel with the control coil for a reduction in the accumulated charge in the second capacitor due to the 
reduction of the switching frequency at the time of light load. 

[0282] During the normal RCC operation at the time of heavy load, the second capacitor is charged with the reversed 
polarity by the reversed electro motive voltage generated in the control coil at the off-time of the main switching element, 
while, at the time of light load, during the operation suspension period from the time when the main switching element 
is once turned on/off to the time when it is again turned on, the accumulated charge with the reversed polarity in the 
second capacitor is reduced by the reduction in the switching frequency by the switching-frequency switching means; 
therefore, the charge-compensating means having the above-mentioned construction makes it possible to compensate 
for the reduction in the charge. 

[0283] Therefore, the time period required for the second capacitor being charged by the voltage with the positive 
polarity induced in the control coil upon turning the main switching element on to have the predetermined voltage with 
the positive polarity that is large enough to on-drive the off-driving control switching element is set virtually the same 
even at the time of light load as that at the time of heavy load. The time period forms the on-time of the main switching 
element, and corresponds to currents, such as those having triangle waveforms, that flow through the main switching 
element and that increases with the increase of the on-time of the main switching element. Therefore, it is possible to 
make the overcurrent limitation values of the main switching element at the time of light load and at the time of heavy 
load virtually equal to each other. Thus, the performance of each constituent part can be enhanced to the vicinity of 
the rated value even at the time of light load. Consequently, it becomes possible to make the switching frequency at 
the time of light load sufficiently low without the need for parts having unnecessarily high rated values. 
[0284] Moreover, as described in the fifth or the sixth embodiment of the present invention, the switching power 
source is preferably provided with a construction in which: the above-mentioned constant resistor (R51 -R52) is divided 
into two portions, and the charge-compensating means has a bypassing means (TR51 , R53) for bypassing the charging 
current to the second capacitor from the dividing point of the constant resistor at the time of light load. 
[0285] With the above-mentioned construction, the bypassing means, which has the constant resistor constituted 
by two division resistors and is realized by a series circuit of a transistor, a resistor, etc, bypasses the charging current 
to the second capacitor from the dividing point at the time of light load, thereby reducing the charging current supplied 
from the control coil to the second capacitor in the positive direction. 

[0286] Therefore, at the time of light load, the charging current supplied to the second capacitor from the control coil 
in the positive direction is made smaller as compared with the time of heavy load so as to compensate for the reduction 
in the accumulated charge with the reversed polarity in the second capacitor during the operation suspension period; 
thus, it becomes possible to make the overcurrent limitation values of the main switching element virtually equal to 
each other. 

[0287] Furthermore, as described in the 7th through 1 0th embodiments of the present invention, the switching power 
source is preferably provided with a construction in which: the constant resistor is divided into two portions, the above- 
mentioned charge-compensating means is placed in association with the two division resistors, and an operation- 
switching means for switching the resistivity of the constant resistor between the light load time and the heavy load 
time is provided. 

[0288] With the above-mentioned construction, the constant resistor is constituted by the two division resistors, and 
in the case when the two division resistors are connected in series with each other, the operation-switching means 
(TR51), which is realized by a transistor, etc., is placed so as to shortcircuit the terminals of one of the division resistors; 
thus, at the time of heavy load, the terminals are shortcircuited so that the charging current is supplied through a 
relatively small composite resistivity, while at the time of light load, the terminals are opened so that the charging current 
is supplied through a relatively large composite resistivity. In this case, when the two division resistors are placed in 
parallel with each other, the ope rati on -switching means is interpolated in series with either of the division resistors so 
that it is allowed to conduct at the time of heavy load, and cut off at the time of light load. 

[0289] Therefore, at the time of light load, the charging current supplied to the second capacitor from the control coil 
in the positive direction is made smaller as compared with the time of heavy load so as to compensate for the reduction 
in the accumulated charge with the reversed polarity in the second capacitor during the operation suspension period; 
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thus, it becomes possible to make the overcurrent limitation values of the main switching element virtually equal to 
each other. 

[0290] Moreover, as described in the 11th through the 14th embodiments of the present invention, the switching 
power source is preferably provided with a construction in which: the second capacitor (C81 -C82) is divided into two 
5 portions, and the aforementioned charge-compensating means is placed in association with the two divided capacitors, 
and an operation-switching means for switching the capacity value of the second capacitor between the light load time 
and the heavy load time is installed. 

[0291] With the above-mentioned construction, the second capacitor is constituted by the two divided capacitors, 
and for example, in the case when the two divided capacitors are connected in series with each other, the operation- 

10 switching means is placed so as to shortcircuit the terminals of one of the capacitors; thus, at the time of heavy load, 
the terminals are opened so that the charging current is supplied with a relatively small composite capacity value, while 
at the time of light load, the terminals are shortcircuited so that the charging current is supplied with a relatively large 
composite capacity value. In this case, when the two divided capacitors are placed in parallel with each other, the 
ope rat ion -switching means is interpolated in series with either of the divided capacitors so that it is cut off at the time 

15 of heavy load, and allowed to conduct at the time of light load. 

[0292] Therefore, at the time of light load, the capacity value of the second capacitor is made greater as compared 
with the time of heavy load so as to compensate for the reduction in the accumulated charge with the reversed polarity 
in the second capacitor during the operation suspension period; thus, it becomes possible to make the overcurrent 
limitation values of the main switching element virtually equal to each other 

20 [0293] Furthermore, as described in the 15th or 16th embodiment of the present invention, the switching power 
source is preferably provided with a construction in which: the charge-compensating means has a discharging resistor 
(R101 ) that is interpolated in parallel with the second capacitor (C1 4) and an operation-switching means that is placed 
in association with the discharging resistor and that can connects or cuts off the charging resistor depending on the 
light load time and the heavy load time. 

25 [0294] With the above-mentioned construction, at the time of light load, the operation-switching means is allowed to 
conduct so that the discharging resistor is connected in parallel with the second capacitor, and at the time of heavy 
load, the operation-switching means is cut off so that the discharging resistor is released. 

[0295] Therefore, at the time of light load with less accumulated charge with the reversed polarity, one portion of the 
charging current with the positive polarity is bypassed by the charging resistor, with the result that it is possible to 
30 compensate for the reduction in the accumulated charge, and consequently to make the overcurrent limitation values 
of the main switching element virtually equal to each other. 

[0296] Moreover, as described in the 17th embodiment of the present invention, the switching power source is pref- 
erably provided with a construction in which the aforementioned charge-compensating means has a first diode (D111) 
that is interpolated between the second capacitor and the control coil and that is aligned in the forward direction with 
35 respect to the current flowing from the control coil during the on-period of the main switching element, a pair of first 
and second resistors (R1 1 1 -R1 1 2) that are interpolated in parallel with the first diode, and an operation-switching means 
that is interpolated in series with one of the resistors and that connects or cuts off the resistor depending on the light 
load time and the heavy load time. 

[0297] With the above-mentioned construction, the first diode is interpolated so as to be aligned in the forward di- 
^o rection with respect to the current flowing to the second capacitor during the on-period of the main switching element, 
that is, the current charging the second capacitor with the positive polarity; therefore, the first diode carries an cut-off 
operation with respect to the current with the reversed polarity that is generated at the off-time of the main switching 
element. For this reason, the pair of first and second resistors are placed in parallel with the first diode, and the operation- 
switching means is interpolated in series with one of the resistors. The aforementioned operation-switching means is 
45 cut off at the time of heavy load so that it suppresses the charging current with the reversed polarity from flowing to 
the second capacitor, and is allowed to conduct at the time of light load so that more of the charging current with the 
reversed polarity is supplied. 

[0298] Therefore, at the time of light load, a higher charge with the reversed polarity is accumulated, and even if a 
higher charge with the reversed polarity is discharged due to the operation suspension period, the corresponding 
50 discharged portion has been preliminarily compensated, making the overcurrent limitation values of the main switching 
element virtually equal to each other. 

[0299] Furthermore, as described in the 18th embodiment of the present invention, the switching power source is 
preferably provided with a construction in which: the aforementioned charge-compensating means has a first diode 
that is interpolated in series with the constant resistor and that is aligned in the forward direction with respect to the 
ss current flowing from the control coil during the on-period of the main switching element, a series circuit that is interpo- 
lated in parallel with the series circuit consisting of the constant resistor (R12) and the first diode and that consists of 
a second diode (D121) having the reversed polarity to the first diode and the first resistor, a second resistor that is 
interpolated in parallel with the first resistor and an operation-switching means that is interpolated in series with the 
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second resistor and that connects or cuts off the second resistor depending on the light load time and the heavy load 
time. 

[0300] With the above-mentioned construction, during the on-period of the main switching element, the second ca- 
pacitor is normally charged with the positive polarity by the first diode, and during the off-period, the first diode cuts off 
the charging current with the reversed polarity. For this reason, the pair of the first and second resistors are placed in 
parallel with the series circuit consisting of the first diode and the constant resistor, and the operation-switching means 
is installed in series with the second resistor During the off-time of the main switching element, the ope rat ion -switching 
means is allowed to conduct at the time of light load so that a greater charging current is supplied as compared with 
the heavy load time. 

[0301] Therefore, at the time of light load, a higher charge with the reversed polarity is accumulated, and even if a 
higher charge with the reversed polarity is discharged due to the operation suspension period, the corresponding 
discharged portion has been preliminarily compensated, making the overcurrent limitation values of the main switching 
element virtually equal to each other. 

[0302] Furthermore, as described, for example, in the 6th, 8th, 10th, 12th, 14th or 16th embodiment, the switching 
power source is preferably provided with a construction in which: the aforementioned switching-frequency switching 
means has a bias resistor that is series connected between the off-driving control switching element and the first 
capacitor, and a series circuit that is interpolated between the connecting point of the bias resistor and the first capacitor 
and the control coil and that consists of the reversed bias voltage setting resistor and the control switching element 
used for reducing the switching frequency, wherein: the control switching element used for reducing the switching 
frequency is on-driven at the time of light load, during the on-period of the main switching element at the time of light 
load, a charge is accumulated in the first capacitor by the voltage induced in the control coil, and at the time of the 
occurrence of a ringing pulse, a reverse bias is generated by the accumulated charge in the first capacitor so as to 
block the on-driving of the main switching element. 

[0303] With the above-mentioned construction, at the time of heavy load, the control switching element used for 
reducing the switching frequency is maintained off, and is not susceptible to the influence of the series circuit, with the 
result that the ringing pulse is supplied to the control terminal of the main switching element through the first capacitor 
and the bias resistor so that the main switching element is on-driven and the switching operation is continuously carried 
out. 

[0304] In contrast, at the time of light load, the control switching element used for reducing the switching frequency 
of the series circuit is on-driven, with the result that a greater current, induced by the control coil, flows through the 
first capacitor so that a charge is accumulated. In this case, the electric potential of the control terminal of the main 
switching element is maintained by a current flowing from the control coil through the reverse bias voltage setting 
resistor. When, after the main switching element has been turned off and the discharge of the excited energy has been 
complete, a ringing pulse occurs, and the ringing pulse is reverse biased by an amount corresponding to the charging 
voltage of the first capacitor and is supplied to the control terminal of the main switching element through the bias 
resistor; thus, it is possible to prevent the ringing pulse from on-driving the main switching element. 
[0305] Therefore, when the main switching element once carries out a switching operation at the time of light load, 
the next switching operation is carried out in the same manner as that carried out upon application of power. More 
specifically, the electric potential of the control terminal of the main switching element is gradually changed by a starting 
voltage derived from the main power-source voltage divided by resistors, etc., and when it reaches the threshold voltage 
that allows the main switching element to turn on, the main switching element is turned on. 

[0306] In this manner, at the time of light load, the re-starting of the main switching element using the ringing pulse, 
which is carried out at the time of heavy load, is stopped, and a smooth re-starting operation is carried out in the same 
manner as that carried out upon application of power, thereby making it possible to reduce the switching frequency at 
the time of light load. Thus, it becomes possible to reduce losses that increase in proportion to the switching frequency, 
such as power required to draw a charge accumulated in the floating capacity between the drain and source in the 
main switching element, and consequently to obtain a higher power-conversion efficiency even at the time of light load. 
[0307] Here, such a reduction in the switching frequency at the time of light load can be achieved by using a simple, 
inexpensive construction having only a series circuit consisting of the reverse bias voltage setting resistor and the 
control switching element for reducing the switching frequency, and a second resistor. 

[0308] Moreover, as described in the 4th, 6th, 8th, 10th, 12th, 14th, 16th, 19th or 20th embodiment of the present 
invention, the switching power source, which is designed to vary the switching frequency depending on the level of 
load, is preferably provided with : a detection coil (N 1 2) formed in a transformer, a smooth ing capacitor (C 1 6) , a rectifying 
means (D2) for rectifying the induced voltage in the detection coil and for supplying it to the smoothing capacitor, an 
impedance element (L, R) that is interpolated between the rectifying means and the smoothing capacitor, and a decision 
means (20) for making a judgement as tothe level of the load based upon the output voltage of the smoothing capacitor. 
[0309] With the above-mentioned construction, in the switching power source which is designed to vary the switching 
frequency depending on the level of load so as to reduce losses that increase in proportion to the switching frequency, 
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such as power required to draw a charge accumulated in the floating capacity between the drain and source in the 
main switching element, and so as to obtain a higher power-conversion efficiency even at the time of light load, when 
an impedance element is inserted in a circuit for rectifying the induced voltage in the detection coil in the transformer 
and for charging the smoothing capacitor, it is possible to utilize the fact that the output voltage of the smoothing 
s capacitor is allowed to correspond to the output current value on the secondary side, in an attempt to make a judgement 
as to the level of the load. 

[0310] Therefore, the construction for making a judgement as to the level of load can be provided by installing a 
simple construction only on the primary side with a small loss. 

[0311] Furthermore, as described in the 4th, 6th, 8th, 10th, 12th, 14th, 16th or 19th embodiment of the present 
10 invention, the switching power source may be provided as a switching power source of the ringing choke converter 
system in which: during the off-period of the main switching element, the excited energy which has been accumulated 
in the transformer during the on-period is outputted to an output circuit on the secondary side; and upon completion 
of the output, a ringing pulse occurring in the control coil of the transformer is fed back to the control terminal of the 
main switching element so that the main switching element is again on-driven, wherein the control coil serves as the 
is detection coil. 

[0312] With the above-mentioned construction, in the switching power source of the RCC system, the control coil, 
which is installed for the RCC operation, is utilized as the detection coil. 

[0313] Therefore, it is not necessary to increase the number of coils and taps of the transformer and consequently 
to achieve a low-cost device. 

20 [0314] Furthermore, the switching power source may be designed to have a. construction in which: the rectifying 
means is a rectifying diode (D2) for drawing an output from one of the terminals of the control coil of the transformer; 
the impedance element is a choke coil (L) to which the output of the rectifying diode is supplied; a fly-wheel diode (D3) 
for connecting the connecting point of the rectifying diode and the choke coil to the other terminal of the control coil is 
further installed; these rectifying diode, choke coil, fly-wheel diode and the aforementioned smoothing capacitor con- 

25 stitute a sub power-source circuit; a starter circuit that is constituted by a series circuit of a capacitor and first through 
third starting resistors, and interpolated between the main power-source lines with the connecting point between the 
second starting resistor and the third starling resistor being connected to the control terminal of the main switching 
element is installed; and a reverse-current preventing diode (D1) that supplies the output of the sub power-source 
circuit to the connecting point of the first starting resistor and the second starting resistor is further installed. In this 

30 construction, during a lapse of predetermined time from power application, the main switching element is turned on by 
a divided voltage of the main power-source voltage from the starter circuit and after the lapse of predetermined time 
from power application, the main switching element is turned on by a divided voltage from the sub power-source circuit. 
[0315] With the above-mentioned construction, during the on-period of the main switching element, the sub power- 
source circuit charges the smoothing capacitor through the rectifying diode and the choke coil, and during the off-period 

35 of the main switching element, the exciting current inside the choke coil is allowed to charge the smoothing capacitor 
through the fly-wheel diode. 

[0316] Therefore, when, after a lapse of predetermined time from power application, the output voltage of the smooth- 
ing capacitor of the sub power-source circuit has reached a sufficient voltage for activating the main switching element, 
the capacitor of the starter circuit has been provided with a voltage virtually corresponding to the difference between 
40 the main power-source and the output voltage of the sub power-source circuit in this state; thus, it is possible to turn 
on the main switching element by the divided voltage of the output voltage of the sub power-source circuit, and also 
to prevent the incoming current from the main power source. 

[0317] Therefore, in a switching power source of the RCC system, even if the construction is designed so that re- 
activation of the main switching element is carried out by the same starter circuit used upon application of power (for 

45 example, the first through third starting resistors that voltage -divide the main power-source voltage), the main switching 
element is turned on by a relatively high voltage, such as the divided voltage of the main power-source, which, for 
example, reaches as much as several hundreds V, only at the time of application of power, and after the lapse of the 
predetermined time, the main switching element can be turned on by a relatively low voltage, such as the divided 
voltage of the output voltage of the sub power-source circuit, which is, for example, as small as several tens V. Thus, 

so it becomes possible to also reduce the power consumption of the first through third starting resistors that are voltage 
dividing resistors, and consequently to achieve higher efficiency. 

[031 8] Here, since the smoothing capacitor is affected by the value of the secondary-side output current, the charging 
voltage becomes higher as the secondary-side output current value increases. Therefore, when the load becomes 
large and the on-period of the main switching element is lengthened, causing the secondary-side output current value 
55 to become high, the voltage that is supplied from the sub power-source circuit so as to turn on the main switching 
element becomes high so that the on-timing of the main switching element becomes faster and the switching frequency 
also becomes high. In this manner, it is possible to properly respond to large load variations at the time of light load, 
and also to allow the sub power-source circuit to serve as one part of the construction for making a judgement as to 
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the level of load. This makes it possible to further reduce costs. 

[0319] The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications 
as would be obvious to one skilled in the art are intended to be included within the scope of the following claims. 

Claims 

1 . A switching power source, which is a switching power source (11 , 21 , 31 , 41 ) of a ringing choke converter system 
and which comprises: 

a transformer (N, Na) for accumulating excited energy during an on-period of a main switching element (Q); 
an output circuit (C13) for outputting the excited energy thus accumulated during an off-period of the main 
switching element (Q), the output circuit (C1 3) being placed on the secondary side of the transformer (N, Na); 
and 

a first capacitor (C1) which is placed between a control coil (N12) of the transformer (N, Na) and the control 
terminal (G) of the main switching element (Q), and which feeds back a ringing pulse that occurs in the control 
coil (N12) upon completion of the output of the excited energy to the control terminal (G) after cutting a dc 
component thereof so that the main switching element (Q) is on-driven, characterized by comprising: 
a series circuit which is constituted by a reverse-bias voltage setting resistor (R1) and a control switching 
element for reducing the switching frequency (TR1) and which is connected to the output side of the first 
capacitor (C1); and 

a bias resistor (R2) that is interpolated between the first capacitor (C1) and the main switching element (Q), 
wherein: the control switching element for reducing the switching frequency (TR1) is on-driven at the time of 
light load; during the on-period of the main switching element (Q) at the time of light load, a charge is accu- 
mulated in the first capacitor (C1 ) by a voltage induced in the control coil (N12); and at the time of occurrence 
of trie ringing pulse, a reverse bias is generated by the accumulated charge in the first capacitor (C1) so as 
to prevent the main switching element (Q) from being on-driven. 

2. The switching power source (11) as defined in claim 1, further comprising: 

a starter circuit (14) that is constituted by a series circuit consisting of a capacitor (C2) and first through third 
starting resistors (R3 to R5) and that is interpolated between main power-source lines (1 2, 1 3) with a connecting 
point between the second (R4) and third starting resistors (R5) being connected to the control terminal (G) of 
the main switching element (Q); 

a sub power-source coil (N13) installed in the transformer (N); 

a sub power-source circuit (1 9) for rectifying and smoothing an output of the sub power-source coil (N1 3); and 
a reverse-current preventing diode (D1 ) for supplying an output of the sub power-source circuit (1 9) to a con- 
necting point between the first starting resistor (R3) and the second starting resistor (R2), 
wherein during a lapse of predetermined time from power application, the main switching element (Q) is on- 
driven by a divided voltage of the main power-source voltage from the starter circuit (14) and after the lapse 
of predetermined time from power application, the main switching element (Q) is on-driven by a divided voltage 
from the sub power-source circuit (19). 

3. The switching power source (31 ) as defined in claim 1 , further comprising: 

a starter circuit (14) that is constituted by a series circuit consisting of a capacitor (C2) and first through third 
starting resistors (R3 to R5) and that is interpolated between main power-source lines (12,13) with a connecting 
point between the second (R4) and third starting resistors (R5) being connected to the control terminal (G) of 
the main switching element (Q); 

a sub power-source circuit (1 9a) including a rectifying diode (D2) for drawing an output from one of terminals 
of the control coil (N12) of the transformer (Na), a choke coil (L) to which the output of the rectifying diode 
(D2) is supplied, a smoothing capacitor (C16) for smoothing a current flowing through the choke coil (L), and 
a fly-wheel diode (D3) for connecting a connecting point of the rectifying diode (D2) and the choke coil (L) to 
the other terminal of the control coil (N12) ; and 

a reverse-current preventing diode (D1) for supplying an output of the sub power-source circuit (19a) to a 

connecting point between the first starting resistor (R3) and the second starting resistor (R4), 

wherein during a lapse of predetermined time from power application, the main switching element (Q) is on- 
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driven by a divided voltage of the main power-source voltage from the starter circuit (14) and after the lapse 
of predetermined time from power application, the main switching element (Q) is on-driven by a divided voltage 
from the sub power-source circuit (19a). 

The switching power source (11, 31) as defined in claim 2 or claim 3, further comprising: 

a discharging diode (D4) that is placed in parallel with the first through third starting resistors (R3 to R5) so 
as to be aligned in a reverse bias direction. 

The switching power source (21) as defined in claim 1 , further comprising: 

a starter circuit (14a) that is constituted by a series circuit consisting of a transistor (TR14) and first through 
third starting resistors (R3 to R5) and that is interpolated between main power-source lines (12, 13) with a 
connecting point between the second (R4) and third starting resistors (R5) being connected to the control 
terminal (G) of the main switching element (Q); 

a series circuit consisting of a base resistor (R6) and a capacitor (C3), the series circuit being placed between 
the base of the transistor (TR14) and the main power-source line (13) on the third starting resistor (R5) side; 
a discharging diode (D5) for connecting a connecting point between the base resistor (R6) and the capacitor 
(C3) to the main power-source line (12) on the transistor (TR14) side; 
a sub power-source coil (N1 3) installed in the transformer (N); 

a sub power-source circuit (1 9) for rectifying and smoothing an output of the sub power-source coil (N1 3); and 
a reverse-current preventing diode (D1 ) for supplying an output of the sub power-source circuit (19) to a con- 
necting point between the first starting resistor (R3) and the second starting resistor (R4), 
wherein during a lapse of predetermined time from power application, the main switching element (Q) is on- 
driven by a divided voltage of the main power-source voltage from the starter circuit (14a) and after the lapse 
of predetermined time from power application, the main switching element (Q) is on-driven by a divided voltage 
from the sub power-source circuit (19). 

The switching power source (41 ) as defined in claim 1 , further comprising: 

a starter circuit (14a) that is constituted by a series circuit consisting of a transistor (TR14) and first through 
third starting resistors (R3 to R5) and that is interpolated between main power-source lines (12, 13) with a 
connecting point between the second (R4) and third starting resistors (R5) being connected to the control 
terminal (G) of the main switching element (Q); 

a series circuit consisting of a base resistor (R6) and a capacitor (C3), the series circuit being placed between 
the base of the transistor (TR14) and the main power-source line (1 3) on the third starting resistor (R5) side; 
a discharging diode (D5) for connecting a connecting point between the base resistor (R6) and the capacitor 
(C3) to the main power-source line (12) on the transistor (TR14) side; 

a sub power-source circuit (1 9a) including a rectifying diode (D2) for drawing an output from one of terminals 
of the control coil (N12) of the transformer (Na), a choke coil (L) to which the output of the rectifying diode 
(D2) is supplied, a smoothing capacitor (C16) for smoothing a current flowing through the choke coil (L), and 
a fly-wheel diode (D3) for connecting a connecting point of the rectifying diode (D2) and the choke coil (L) to 
the other terminal of the control coil (N12); and 

a reverse-current preventing diode (D1) for supplying an output of the sub power-source circuit (19a) to a 
connecting point between the first starting resistor (R3) and the second starting resistor (R4), 
wherein during a lapse of predetermined time from power application, the main switching element (Q) is on- 
driven by a divided voltage of the main power-source voltage from the starter circuit (14a) and after the lapse 
of predetermined time from power application, the main switching element (Q) is on-driven by a divided voltage 
from the sub power-source circuit (19a). 

The switching power source (41) as defined in claim 3 or claim 6, wherein the control of the control switching 
element for reducing the switching frequency (TR1 ) is carried out by using a charging voltage of the smoothing 
capacitor (C16) in the sub power-source circuit (19a). 

A switching power source (11, 21 ) wherein a voltage detection circuit (18) detects a secondary-side output voltage 
of a transformer (N) and a main switching element (Q) switches a primary current of the transformer (N) in response 
to the result of detection so that a secondary current having a desired constant voltage is obtained, characterized 
by comprising: 
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a timing-control switching element (TR2) that is placed between secondary-side output lines (16, 17) in series 
with the voltage detection circuit (18); and 

a bias circuit (D17, R15, R16) for supplying an output of a secondary sub coil (N22) of the transformer (N) to 
the control terminal of the timing-control switching element (TR2). 

^. A switching power source (51, 52, 61, 62, 71, 72, 81, 82, 91, 92, 101, 102, 111, 121), which is a switching power 
source of a ringing choke converter system and which comprises: 

a transformer (Na) for accumulating excited energy during an on-period of a main switching element (Q); 
an output circuit (C13) for outputting the excited energy thus accumulated during an off-period of the main 
switching element (Q), the output circuit being placed on the secondary side of the transformer (Na); 
a first capacitor (C1) which is placed between a control coil (N12) of the transformer (Na) and the control 
terminal (G) of the main switching element (Q), and which feeds back a ringing pulse that occurs in the control 
coil (N12) upon completion of the output of the excited energy to the control terminal (G) after cutting a dc 
component thereof so that the main switching element (Q) is on-driven; 

a second capacitor (C14, C81 , C82) that is charged by a current obtained from a voltage induced in the control 
coil (N12) of the transformer (Na) through a constant resistor (R51 5 R52 ; R12) and a feed-back current from 
the secondary side; 

an off-driving control switching element (TR12) for off-driving the control terminal (G) of the main switching 
element (Q) when the charging voltage of the second capacitor (C1 4, C81 , C82) has become a predetermined 
voltage; and 

a switching frequency switching means (59, TR1 , R1, R2) for reducing the switching frequency of the main 
switching element (Q) at the time of light load as compared with the time of heavy load, characterized by 
further comprising: 

a charge-compensating means (TR51, R53, R101, D111, R111, R112, Dill , D121) for compensating for a 
reduction in the accumulated charge of the second capacitor (C14, C81, C82) due to the reduction in the 
switching frequency at the time of light load with respect to an overcurrent protection circuit, the overcurrent 
protection circuit being constituted by a series circuit of the constant resistor (R51 , R52, R12) and the second 
capacitor (C14, C81 , C82) that is connected in parallel with the control coil (N12). 

0. The switching power source (51 , 52) as defined in claim 9, wherein the constant resistor (R51 , R52) is divided into 
two portions, and the charge-compensating means (TR51 , R53) is provided with a bypassing means (TR51 , R53) 
for bypassing a charging current to the second capacitor (C14) from a divided point of the constant resistor (R51 , 
R52) at the time of light load. 

1. The switching power source (51 , 52) as defined in claim 10, wherein: the constant resistor (R51 , R52) is divided 
into two division resistors (R51 , R52) that are connected in series with each other, and the bypassing means (TR51 , 
R53) includes a switching element (TR51) that has one end connected to a connecting point of the two division 
resistors (R51 , R52) and that is allowed to conduct at the time of light load. 

2. The switching power source (61, 62, 71 , 72) as defined in claim 9, wherein: the constant resistor (R51, R52) is 
divided into two portions, and the charge-compensating means (TR51) is provided with an operation-switching 
means (TR51 ) for switching a resistivity of the constant resistor (R51 , R52) between the time of light load and the 
time of heavy load, the operation-switching means (TR51) being installed in association with the two division re- 
sistors (R51, R52). 

3. The switching power source (61, 62) as defined in claim 12, wherein: the constant resistor (R51, R52) is divided 
into two division resistors (R51, R52) that are connected in series with each other and the operation-switching 
means (TR51) includes a switching element (TR51) that is placed in parallel with one of the two division resistors 
(R51 , R52) and that is cut off at the time of light load. 

4. The switching power source (71 , 72) as defined in claim 12, wherein: the constant resistor (R51 , R52) is divided 
into two division resistors (R51 , R52) that are connected in parallel with each other, and the operation-switching 
means (TR51) includes a switching element (TR51) that is placed in series with one of the two division resistors 
(R51 , R52) and that is allowed to conduct at the time of light load. 

5. The switching power source (81, 82, 91, 92) as defined in claim 9, wherein: the second capacitor (C81, C82) is 
divided into two portions, and the charge-compensating means (TR51) includes an ope rat ion -switching means 
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(TR51 ) for switching the capacity value of the second capacitor (C81 , C82) between the time of light load and the 
time of heavy load, the ope ration -switching means (TR51) being placed in association with the two division ca- 
pacitors (C81, C82). 

16. The switching power source (81, 82) as defined in claim 15, wherein: the second capacitor (C81 , C82) is divided 
into two division capacitors (C81 , C82) that are connected in series with each other, and the operation-switching 
means (TR51 ) includes a switching element (TR51 ) that is placed in parallel with one of the two division capacitors 
(C81 , C82) and that is allowed to conduct at the time of light load. 

17. The switching power source (91, 92) as defined in claim 15, wherein: the second capacitor (C81, C82) is divided 
into two division capacitors (C81 , C82) that are connected in parallel with each other, and the operation-switching 
means (TR51 ) includes a switching element (TR51 ) that is placed in series with one of the two division capacitors 
(C81 , C82) and that is allowed to conduct at the time of light load. 

18. The switching power source (101) as defined in claim 9, wherein the chargeoompen sating means (TR51, R101) 
includes a discharging resistor (R101 ) that is inserted in parallel with the second capacitor (C14), and an operation- 
switching means (TR51) for cutting off or connecting the charging resistor (R101) depending on the time of light 
load and the time of heavy load, the operation-switching means (TR51) being installed in association with the 
discharging resistor (R101). 

19. The switching power source (111) as defined in claim 9, wherein the charge-compensating means (TR51, D111, 
R111, R112) includes a first diode (D111) that is interpolated between the second capacitor (C14) and the control 
coil (N12) so as to be aligned in a forward direction with respect to a current flowing from the control coil (N12) 
during the on-period of the main switching element (Q), first and second resistors (R111 , R1 12) that are interpolated 
in parallel with the first diode (D111), and an operation-switching means (TR51) for connecting or cutting off one 
of the resistors (R111, R112) between the time of light load and the time of heavy load, the operation-switching 
means (TR51) being inserted in series with said one of the resistors (R111 , R112). 

20. The switching power source (1 21 ) as defined in claim 9, wherein the charge-compensating means (TR51 , D1 1 1 , 
D121, R111, R112) includes: 

a first diode (D111) that is inserted in series with the constant resistor (R12) so as to be aligned in a forward 
direction with respect to a current flowing from the control coil (N1 2) during the on-period of the main switching 
element (Q), 

a series circuit that is constituted by a first resistor (R111) and a second diode (D121 ) having a reverse polarity 
to the first diode (D111 ) and that is placed in parallel with the series circuit of the constant resistor (R12) and 
the first diode (D111), 

a second resistor (R112) that is placed in parallel with the first resistor (R111 ), and 

an operation-switching means (TR51) for connecting or cutting off the second resistor (R112) between the 
time of light load and the time of heavy load, the ope ration -switching means (TR51 ) being placed in series 
with the second resistor (R112). 

21. The switching power source (52, 62, 72 : 82, 92, 102) as defined in claim 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 
or 20, wherein the switching-frequency switching means (TR1, R1, R2) includes: 

a bias resistor (R2) that is series-connected between the off-driving control switching element (TR12) and the 
first capacitor (C1); and 

a series circuit that is constituted by a reverse-bias voltage setting resistor (R1 ) and a control switching element 
for reducing the switching frequency (TR1 ) and that is interpolated between the control coil (N12) and a con- 
necting point of the bias resistor (R2) and the first capacitor (C1), 

wherein: the control switching element for reducing the switching frequency (TR1) is on-driven at the time of 
light load; during the on-period of the main switching element (Q) at the time of light load, a charge is accu- 
mulated in the first capacitor (C1 ) by a voltage induced in the control coil (N12); and at the time of occurrence 
of the ringing pulse, a reverse bias is generated by the accumulated charge in the first capacitor (C1) so as 
to prevent the main switching element (Q) from being on-driven. 

22. A switching power source (41, 52, 62, 72, 82, 92, 102, 131, 201), which varies a switching frequency depending 
on a level of load, characterized by comprising: 
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a detection coil (N12) installed in a transformer (Na), 
a smoothing capacitor (C16), 

a rectifying means (02) for rectifying an induced voltage in the detection coil (N 1 2) so as to supply the resulting 
current to the smoothing capacitor (C 16), 

an impedance element (L, R) that is interpolated between the rectifying means (D2) and the smoothing ca- 
pacitor (C16), and 

a decision means (20) for making a judgement as to the level of the load based upon the output voltage of the 
smoothing capacitor (C16). 

23. The switching power source (41, 52, 62, 72, 82, 92, 102, 131) as defined in claim 22, which is a switching power 
source of a ringing choke converter system, wherein: excited energy accumulated in the transformer (Na) during 
an on-period of a main switching element (Q), is outputted to an output circuit (C13) on the secondary side during 
an off -period and a ringing pulse, which is generated in a control coil (N1 2) of the transformer (Na) upon completion 
of an output, is fed back to the control terminal (G) of the main switching element (Q) so that the main switching 
element (Q) is on-driven. 

24. The switching power source (41, 52, 62, 72, 82, 92, 102, 131) as defined in claim 23, wherein said detection coil 
(N12) is the control coil (N12). 

25. The switching power source (41, 52, 62, 72, 82, 92, 102, 131) as defined in claim 24, characterized in that the 
rectifying means (D2) is a rectifying diode (D2) for drawing an output from one of the terminals of the control coil 
(N1 2) of the transformer (Na) and the impedance element (L) is a choke coil (L) to which an output of the rectifying 
diode (D2) is supplied, and also characterized by comprising: 

a fly-wheel diode (D3) for connecting a connecting point of the rectifying diode (D2) and the choke coil (L) to 
the other terminal of the control coil (N12), said rectifying diode (D2), choke coil (L), fly-wheel diode (D3) and 
smoothing capacitor (C16) being designed to constitute a sub power-source circuit (19a). 

26. The switching power source (41 , 52, 62, 72, 82, 92, 102) as defined in claim 25, characterized by comprising: 

a starter circuit (14) that is constituted by a series circuit consisting of a capacitor (C2) and first through third 
starting resistors (R3to R5) and that is interpolated between main power-source lines (12, 1 3) with a connecting 
point between the second (R4) and third starting resistors (R5) being connected to the control terminal (G) of 
the main switching element (Q); and 

a reverse-current preventing diode (D1) for supplying an output of the sub power-source circuit (19a) to a 
connecting point between the first starting resistor (R3) and the second starting resistor (R4), 
wherein, during a lapse of predetermined time from power application, the main switching element (Q) is on- 
driven by a divided voltage of the main power-source voltage from the starter circuit (14) and after the lapse 
of predetermined time from power application, the main switching element (Q) is on-driven by a divided voltage 
from the sub power-source circuit (1 9a). 

27. The switching power source (201 ) as defined in claim 22, comprising: 

a transformer (Na) for accumulating excited energy during an on-period of a main switching element (Q); 
an output circuit (C13) for outputting the excited energy thus accumulated during an off-period of the main 
switching element (Q), the output circuit (C1 3) being placed on the secondary side of the transformer (Na); and 
a control circuit (202) which, in a case when the decision means (20) makes a judgement that the load is not 
light, controls a ratio of the on-period to off-period of the switching element (Q), and in a case when the decision 
means (20) makes a judgement that the load is light, reduces the switching frequency 

28. The switching power source as defined in claim 22, 23, 24, 25, 26 or 27, wherein: the rectifying means (D2) is a 
rectifying diode (D2) for drawing an output from one of the terminals of the control coil (N12) of the transformer 
(Na), and the impedance element (R) is a resistor (R) to which an output of the rectifying diode (D2) is supplied. 
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